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ABSTRACT!
 
Small# scale# dairy# operations# are# becoming# a# rarity# amongst# the# large# scale# commercial#
operations.# In# an# effort# to# remain# competitive# and# profitable,# small# dairy# farms# in# the#
eastern#Canadian#province#of#Prince#Edward#Island#should#focus#on#reducing#operating#costs#
by#implementing#energy#efficient#strategies#and#renewable#energy#generation#systems.#
#
This#research#work#investigates#the#energy#framework#of#the#region,#the#programs#available,#
and#the#energy#consumption#of#small#dairy#farming#operations#in#an#effort#to#obtain#data#for#
analysis#and#recommendations#for#opportunities#within#the#region.##
#
A#case#study#of#a#local#dairy#farm#is#undertaken#in#detail#to#identify#the#characteristics#of#
such#operations#with#respect#to#energy#consumption.#The#case#study#subject#resulted#in#a#
focus# on# electricity# and# propane# water# heating.# The# case# study# confirmed# the# industry#
standard#energy#consumption#trends#of#milk#cooling,#ventilation,#and#lighting#being#the#key#
consumers.##
#
Lighting#retrofitting,#regular#maintenance#scheduling,#and#realMtime#consumption#monitoring#
were# energy# efficiency# measures# recommended# as# a# result# of# the# case# study.# A# simple#
lighting#retrofit#to#upgrade#an#older#portion#of#the#facility#from#incandescent#lighting#to#T8#
lighting#resulted#in#a#oneMyear#payback#period#and#an#annual#electricity#consumption#savings#
of#11MWh#which#is#approximately#10%#of#the#total#electricity#load#for#the#facility.##
#
Analysis#of#potential#renewable#energy#systems#for#generation#was#undertaken#for#the#case#
study#site,#including#wind,#solar#hot#water,#and#anaerobic#digestion#opportunities.#Results## # #
 
 
included# several# system# options# for# complete# or# partial# electricity# generation# from#
renewable#resources.##
#
A#selfMassessment#software#tool#was#developed#as#a#result#of#the#information,#data,#and#
opportunities#realized#through#this#research.#This#tool#is#intended#to#act#as#a#guide#to#farm#
operators#with#respect#to#understanding#their#energy#consumption#and#the#opportunities#
available#to#minimize#energy#cost.  v 
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CHAPTER(1:(INTRODUCTION(
(
1.1(INTRODUCTION(
!
The!existence!of!small!dairy!farms!in!North!America!is!on!the!decline.!The!United!States!
Department!of!Agriculture!identified!the!number!of!dairy!farms!in!the!country!in!2006!as!
75,000!which!is!a!significant!decrease!from!the!1970!recorded!number!of!658,000!dairy!
farms,!a!decline!of!88%!(Estabrooks!2010).!During!this!period,!however,!an!increase!of!104%!
was!recorded!for!the!number!of!large!scale!farms!consisting!of!greater!than!2000!herd!size!
(Estabrooks!2010).!!
!
Large!scale!farms!usually!operate!24!hours!a!day,!7!days!a!week!with!continuous!milking!that!
could!result!in!high!volume!product!output!and!the!advantage!of!financial!capital!to!create!
highly! efficient! operations! and! facilities.! The! purchase! of! industrial! equipment! in! large!
quantities!creates!significant!advantages!to!the!largeQscale!operations!versus!the!one!off!
operation!of!smaller!farms.!This!is!the!case!as!well!for!the!implementation!of!energy!efficient!
systems.! Vertical! integration! of! farms! allows! for! product! demand! to! be! met! more!
expediently!and!therefore!creates!a!challenge!for!the!small!farm!operations!to!keep!up.!!
(
The! eastern! Canadian! province! of! Prince! Edward! Island! is! resource! poor! with! struggling!
economies!based!primarily!on!agriculture,!fisheries,!and!tourism.!The!agriculture!sector!on!
Prince!Edward!Island!consists!of!some!successful!small!family!operations!continuing!to!exist!
alongside!larger!scale!commercial!operations.!These!successful!small!operations!must!be!
constantly!improving!the!efficiency!of!their!operations!to!remain!profitable!among!larger!  2 
competitors.!Operational!costs!related!to!energy!consumption!are!one!area!of!focus!which!
may!be!examined!by!small!operations!in!an!effort!to!reduce!costs.!
!
Energy!efficiency,!consumption!reduction,!and!the!potential!implementation!of!renewable!
energy! generation! systems! present! potential! opportunities! to! small! farm! operations,!
however,! there! is! limited! data! and! information! for! farm! owners! to! analyse.! There! are!
government! incentive! programs! to! promote! energy! efficiency! measures! and! renewable!
energy!generation,!however,!accessibility!of!these!programs!is!sometimes!overlooked.!Small!
farm!operators!access!the!workings!of!their!operations!at!all!times!and!considering!the!
energy!efficiency!of!their!operation!is!no!different.!These!small!operations!require!the!ability!
to!become!familiar!with!the!opportunities!that!exist!for!their!operations!with!respect!to!
energy.!
(
The!objective!of!this!work!is!to!contribute!to!the!bridging!of!the!“gap”!between!energy!
conservation! opportunities,! subsidy! programs,! and! implementation! by! small! dairy! farm!
operators!in!Prince!Edward!Island.!To!achieve!this!objective,!a!review!of!existing!subsidy!
programs! on! a! local! and! regional! basis! will! be! undertaken,! as! well! as,! the! review! of!
secondary! data! from! various! dairy! farm! case! studies! detailing! energy! conservation! and!
renewable!energy!opportunities.!A!case!study!in!Prince!Edward!Island!will!be!undertaken!
and!analysed!to!contribute!siteQspecific!data!for!detailed!assessment.!Drawing!from!this!
research,!the!development!of!a!selfQassessment!package,!allowing!farmers!access!to!the!
latest!information,!incentives!and!decisionQmaking!tools!will!be!presented.!The!value!in!this!
work!lies!in!the!empowering!of!small!farm!operators!to!take!the!necessary,!informed,!steps!
to!reduce!energy!related!operating!costs.!!
(  3 
1.2(DISSERTATION(OUTLINE(
(
Chapter!2,!Background,!gives!background!information!of!the!energy!framework!of!the!case!
study! location! of! Prince! Edward! Island,! Canada.! Subsidy! and! incentive! programs! are!
presented! for! the! local,! regional,! and! national! levels.! A! literature! review! of! small! farm!
energy!analysis!case!studies!is!undertaken!as!a!basis!for!the!local!case!study!undertaken!in!
detail!in!Chapter!4.!Chapter!3,!Methodology,!discusses!the!methods!used!to!gather!data!for!
this!research.!Chapter!4,!Results(and(Analysis,!presents!the!case!study!audit!undertaken!at!a!
local!dairy!farm!and!provides!analysis!of!the!data!collected!resulting!in!energy!efficiency!
opportunities.!Chapter!5,!Renewable(Energy(Resource(Assessment,!reviews!the!renewable!
resources!available!to!the!region!for!energy!generation!and!follows!with!specific!analysis!of!
the! case! study! site.! ! Chapter! 6,! Renewable( Energy( Generation( Opportunities( and(
Challenges,!reviews!the!renewable!energy!generation!systems!potential!for!the!case!study!
site!and!presents!financial!analysis!of!the!opportunities!through!the!RETScreen!analysis!tool.!
Chapter! 7,! Energy( Consumption( Opportunities:( SelfLAssessment( Tool,! discusses! the!
resulting! energy! consumption! information! combined! to! form! a! simple! selfQassessment!
program.! Chapter! 8,! Conclusion,! reviews! the! case! study! findings! and! presents!
recommendations.! Industry! correlations! based! upon! the! research,! data,! and! case! study!
analysis!are!discussed.!The!value!of!a!selfQassessment!tool!and!its!potential!to!empower!
small!farm!operators!toward!energy!efficiency!and!renewable!generation!is!presented.!  4 
CHAPTER(2:(BACKGROUND(
(
(
2.1(INTRODUCTION(
(
(
This%chapter%will%provide%background%information%on%the%region%upon%which%the%focus%of%this%
dissertation% is% centred.% An% understanding% of% the% case% study% location,% Atlantic% Canada’s%
regional%energy%picture,%and%energy%efficiency%and%renewable%energy%incentives%and%subsidy%
programs%available%will%be%presented.%
(
2.2(THE(CASE(STUDY(AREA:(PRINCE(EDWARD(ISLAND(
(
Prince%Edward%Island%(PEI)%is%the%smallest%province%in%Canada%measuring%5684%km
2%in%area%
and%consisting%of%little%industry%apart%from%farming%and%fishing%(Government%of%PEI%2010).%
The%farming%industry%is%still%a%very%traditional,%familyKbased,%industry%within%the%region%with%
most%small%operations%attempting%to%remain%profitable%in%the%climate%of%globalization%and%
the%trend%towards%largeKscale%blanket%operations.%The%energy%sources%traditionally%used%on%
Prince% Edward% Island% to% meet% energy% demand% include% heating% oil,% petrol,% and% electricity%
(Government%of%PEI%2008).%%  5 
%
Figure(2.1.(Prince%Edward%Island%Energy%Supply%Mix%2008%(Government%of%PEI%2008).%
%
The%Island%currently%contributes%19%%of%its%total%electricity%supply%through%wind%(18%)%and%
diesel%(1%)%generation.%The%remaining%81%%of%its%electricity%is%imported%from%a%neighbouring%
mainland% province% through% two% high% voltage% underground% transmission% cables.%
Approximately%19%%of%the%imported%electricity%is%generated%from%nuclear%sources%with%the%
rest%derived%from%the%carbonKintensive%resource,%coal%(Maritime%Electric%2011).%Natural%Gas%
is%not%available%to%Prince%Edward%Island%at%the%current%time.%
%
CarbonKintensive% electricity% production% sources% are% predominantly% used% in% small% farm%
applications%within%the%region%given%the%availability,%familiarity,%and%historically%reasonable%
prices%(MacKay%2008).%However,%critical%future%concerns%of%security%of%supply,%rising%utility%
prices,%and%resulting%environmental%effects%threaten%the%stability%of%the%importKdependant%
province.%These%issues%will%also%become%significant%to%the%farming%industry%as%high%prices%lead%
to% advantages% for% larger% farming% operations% and% the% absorption% of% smaller% operations%  6 
increase.% The% necessity% for% lowering% energy% consumption% and% related% costs% will% become%
increasingly%important%to%the%livelihood%of%the%small%scale%operations.%%
(
2.3(ATLANTIC(CANADIAN(DAIRY(INDUSTRY’S(ENERGY(RELATIONSHIP(
%
Atlantic%Canada%consists%of%four%provinces,%New%Brunswick,%Nova%Scotia,%Newfoundland,%and%
Prince%Edward%Island,%situated%along%the%east%coat%of%Canada.%The%Atlantic%Provinces%all%
border%the%Atlantic%Ocean%as%shown%in%Figure%2.2.%%
%
%
Figure(2.2.%The%Atlantic%Canadian%provinces%boarding%the%Atlantic%Ocean%(Expedia%Inc.%2012).%
%
Between%1990%and%2005,%the%electrical%energy%consumption%of%farms%in%Atlantic%Canada%
increased% by% 78%% despite% the% national% average% increase% of% just% 18%% during% that% period%  7 
(Office%of%Energy%Efficiency%2010).%It%may%be%posed%as%to%whether%this%contrast%reflects%the%
existence%and%experience%of%smaller%farms%in%the%smaller%Atlantic%Provinces%versus%the%large%
commercial%operations%of%the%larger%provinces%(all%Canadian%provinces%to%the%west%of%Atlantic%
Canada).% Given% this% significant% increase% in% consumption,% it% is% evident% that% there% is% great%
opportunity% and% necessity% for% improved% electrical% efficiency% in% Atlantic% Canada% and%
specifically,%Prince%Edward%Island.%Energy%efficiency%and%renewable%energy%applications%could%
contribute%to%achieving%the%following:%reduced%consumption,%decrease%and%stabilization%of%
operating% costs,% and% reduced% environmental% impact.% Of% these% benefits,% a% reduction% in%
operating%costs%and%a%sense%of%stability%in%expenses%are%key%motivators.%%
%
Bailey%et%al.%(2008)%surveyed%the%farming%industry%of%the%neighboring%Atlantic%Province%of%
Nova%Scotia%to%determine%the%interest%and%usage%of%energy%efficiency%and%renewable%energy%
measures.%Considering%the%apparent%opportunities%for%improvement%of%consumption,%the%
study%was%designed%to%uncover%the%reason%for%minimal%improvement%in%electrical%efficiency%
in% the% past% 20% years.% Of% the% 24% dairy% farms% surveyed,% 95.8%% reported% an% interest% in%
implementing% energy% conservation% options% within% their% operations% (Bailey% et% al.% 2008).%%
Energy%efficiency%initiatives%were%well%represented%by%dairy%farmers%with%over%50%%reporting%
usage%of%energy%efficient,%double%glazed%windows%and%over%75%%reporting%usage%of%efficient%
lighting%and%insulation%techniques%(Bailey%et%al.%2008).%Usage%statistics%for%renewable%energy%
applications%in%dairy%farms%was%very%low,%with%the%only%usage%reported%being%4%%solar%and%
wind%energy%generation%and%13%%using%a%biomass%application%(Bailey%et%al.%2008).%Interest%in%
implementing%renewable%energy%applications%was%also%reportedly%low%in%dairy%farmers.%With%
the%exception%of%a%67%%reported%interest%in%wind%energy,%interest%in%solar/PV%applications,%
ground% source% heating,% and% biomass% ranged% between% 8K21%% (Bailey% et% al.% 2008).% The%  8 
reported% interest% in% reducing% energy% consumption,% yet% relative% disinterest% in% renewable%
energy%options%may%be%contributed%to%a%lack%of%information%on%such%opportunities.%%
%
A% study% undertaken% by% Velthuijsen% (1993)% indicates% that% the% following% reasons% may% be%
associated%with%the%nonKimplementation%of%energy%conservation%options%in%industries%such%
as%agriculture:%
% 1.%Small%existing%energy%costs%do%not%provide%sufficient%motivation.%
% 2.%Lack%of%knowledge%of%available%technologies.%
% 3.%Not%the%focus%of%core%business,%therefore%not%pursued.%%
% 4.%Life%remaining%in%existing%equipment.%
% 5.%Financial%barriers.%%
The% results% from% the% Bailey% et% al.% (2008)% and% Velthuijsen% (1993)% studies% indicate% that%
educational%information%specific%to%the%energy%opportunities%available%is%currently%a%missing%
component% for% energy% reduction% in% the% farming% industry.% Financial% support% programs%
(subsidies)%are%also%a%requirement%for%implementation,%however,%Bailey%et%al.%(2008)%and%
MacKay%(2008)%both%acknowledge%a%reported%“gap”%between%interest%and%implementation%
even% with% the% existence% of% creditable% government% subsidy% programs.% This% apparent% gap%
demonstrates%a%knowledge%deficiency%between%the%energy%subsidy%programs%introduced%and%
the%adaptation%of%conservation%measures.%The%work%of%this%dissertation%aims%to%address%this%
apparent%information%gap.%
%
%
%
%
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2.4(ENERGY(EFFICIENCY(AND(RENEWABLE(ENERGY(INCENTIVES/SUBSIDY(PROGRAMS(
(
(
(
On%a%national%level,%all%ten%provinces%in%Canada%currently%provide%a%form%of%energy%efficiency%
or%renewable%energy%subsidy%program%applicable%to%the%dairy%farm%industry.%Table%2.1%details%
the%varying%opportunities%available%within%each%province.%
%
Table( 2.1( Breakdown% of% programs% and% services% available% by% province% in% Canada% for% the%
agriculture%industry%(IndEco%et%al.%2011).%
Canadian&Province
Energy&Efficiency&
Program
Renewable&
Energy&
Program
Audit Net&Metering
British&Coloumbia Yes Yes& Partial Yes
Alberta Yes No No No
Saskatchewan Yes Yes& Yes& Yes
Manitoba Yes No Partial No
Ontario Yes Yes& Yes& FIT
Quebec Yes Yes& Yes& Yes
New&Brunswick Yes No Partial Yes
Nova&Scotia Yes Yes& Yes& Yes
Prince&Edward&Island No Yes& Yes& Yes
Newfoundland Yes No Partial No %
%
Several%provinces%provide%partial%funding%for%an%initial%energy%audit,%which%is%generally%the%
required%first%step%for%the%applicable%incentive%program.%Partial%funding%of%the%energy%audit%is%
useful,%however,%this%may%deter%some%farmers%from%participating%in%the%available%programs%
due%to%the%associated%partial%fee%so%early%in%the%process.%%
%
Net%metering%is%currently%available%in%most%provinces%for%small%(less%than%100kW)%renewable%
systems.%Prince%Edward%Island%does%allow%for%net%metering,%with%a%retail%price%credit%provided%
against%net%electricity%usage,%which%has%a%12%month%expiration%life%(MEL%2010).%Bryan%and%
Skuce%(2007)%assert%that%netKmetering,%although%advantageous%for%renewable%installations,%is%  10 
not%attractive%enough%alone%to%encourage%the%implementation%of%renewable%energy,%due%to%
the% retail% valued% (or% slightly% less% in% some% cases)% credit% system.% Progressive% subsidies% in%
Europe%have%been%providing%favourable%tariff%rates%above%that%of%the%market%electricity%rate,%
which%allows%the%generator%to%earn%money%via%the%installation,%and%in%turn%creates%a%more%
favourable%payback%period%to%improve%the%renewable%energy%implementation%rate%(Bryan%
and%Skuce%2007).%%
%
As%noted%in%Table%2.1,%Ontario%has%recently%become%the%first%province%in%Canada%to%apply%
such%a%tariff%to%grid%connected%renewable%energy%generation%systems.%The%Ontario%FIT%(Feed%
In%Tariff)%program%was%implemented%in%2009%on%a%two%year%trial%basis,%and%received%over%
50,000% applications% for% program% contracts% during% this% period% (Ontario% Power% Authority%
2012).% Although% many% applications% are% likely% from% existing% installations,% the% positive%
response%validates%the%argument%for%improving%netKmetering%programs.%
%
Gipe%(2011)%affirms%the%encouraging%nature%of%FITs%by%detailing%the%current%role%of%
such%incentives%within%the%European%Union%as%follows%(Gipe%2011):%
%
1.% 20% of% 27% European% Union% (EU)% states% use% FITs% as% the% main% renewable% energy%
program.%
% 2.%Just%4%of%27%EU%states%do%not%use%FITs%at%all.%
3.%85%%of%all%new%wind%installations%since%1997%have%been%installed%with%FITS%in%the%
EU.%
4.%Close%to%100%%of%all%new%solar%installations%since%1997%have%been%installed%with%FITs%
in%the%EU.%
% 5.%68%%of%all%biomass%generation%since%1997%have%been%install%with%FITs%in%the%EU.%  11 
6.%FITs%are%the%most%important%and%costKeffective%measure%for%EU%states%to%meet%EU%
renewable%targets.%
%
This%progressive%EU%FIT%adoption%appears%to%be%driven%by%EUKimplemented%renewable%energy%
generation%targets.%The%lack%of%such%targets%in%Canada%reflects%the%nonKexistent%sense%of%
urgency%and%accountability%toward%reducing%greenhouse%gas%emissions%currently%displayed%
by% the% Canadian% Federal% Government.% Individual% provinces% have% independently% set%
renewable% energy% targets,% however,% without% Federal% Government% implementation% and%
funding% support,% provincial% goals% face% significant% challenges.% The% Government% of% Canada%
formally%withdrew%from%the%Kyoto%Protocol%on%Dec%12,%2011%(Curry%and%McCarthy%2011).%%
%
On% a% local% level,% Prince% Edward% Island% currently% has% a% Renewable% Energy% Initiative% (REI)%
program%in%place,%which%is%jointly%funded%by%the%Provincial%Government%and%the%Federal%
Government%(Government%of%PEI%2011).%The%program%has%a%three%part%approach%including%a%
preKrequisite%energy%audit,%system%implementation%application%and%installation,%and%a%postK
installation%energy%audit.%The%energy%audit%is%funded%at%75%%up%to%a%maximum%of%$1500.%
Implementation%of%a%recommended%renewable%system%is%funded%at%50%%up%to%a%maximum%of%
$50,000%per%farm.%The%postKinstallation%energy%audit%is%funded%at%100%%(Government%of%PEI%
2011).%This%framework%is%easily%accessible%for%farmers%while%maintaining%a%level%of%credibility%
and%benchmarking%through%the%audit%requirements.%%
%
Prince% Edward% Island% does% not% currently% have% an% energy% efficiency% incentive% program%
applicable%to%the%agriculture%industry.%This%would%be%advantageous%for%the%dairy%industry%
given%the%typical%efficiency%measures%which%can%be%applied%and%will%be%discussed%in%the%
following%case%studies.%Further,%the%energy%audit%component%of%the%REI%program%typically%  12 
details% efficiency% improvement% measures,% as% well% as,% potential% renewable% system%
applications.%The%absence%of%an%incentive%program%to%pursue%such%measures%could%stall%the%
energy%conservation%process.%%
(
2.5(CASE(STUDY(REVIEW(
%
Case% studies% of% dairy% farm% operations% from% Nova% Scotia% and% British% Columbia,% Canada,%
demonstrate% comparable% results% with% respect% to% key% energy% consumption% categories.% As%
shown% in% Figure% 2.3% and% 2.4,% milk% cooling,% lighting,% ventilation,% and% vacuum% pumps% for%
milking%are%typically%the%main%energy%consumers%within%a%Canadian%dairy%operation.%Thomas%
(2011)%details%energy%efficiency%opportunities%for%dairy%operations%as%follows%(Thomas%2011):%
1.%Milk%preKcooling%through%heat%exchanger%
2.%Heat%recovery%of%refrigeration%condensation%line%
3.%Timers%on%air%compressors%
4.%Lighting%retrofits%
5.%Insulation%of%tanks%and%pipes%
%
Renewable%energy%opportunities%for%small%dairy%operations%will%be%investigated%in%this%report,%
which%may%complement%such%energy%efficiency%initiatives.%%  13 
%
(
Figure(2.3.(Nova%Scotia%Dairy%Farm%Case%Study%energy%consumption%breakdown%(Corscadden%
2010).%
%
%
%
%
%
%
%
%
%
%
%
%
(
(
(
(
Figure(2.4.(British%Columbia%Dairy%Farm%energy%use%breakdown%%(Thomas%2011).%%
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These%cases%will%be%used%for%comparison%with%the%Prince%Edward%IslandKbased%case%study%of%a%
ninetyKfive%cow%dairy%farm%in%Chapter%4.%%%
%
%
2.6(SUMMARY(
(
Prince%Edward%Island%is%an%energy%export%dependant%province%that%has%seen%its%small%dairy%
farm%operations’%electricity%consumption%increase%significantly%in%recent%decades.%Interest%in%
energy% consumption% reduction% has% been% reported% within% the% dairy% farm% industry% and%
renewable% energy% generation% incentive% programs% exist% within% the% region,% however,%
implementation% of% such% systems% is% reportedly% low.% A% gap% between% opportunity% and%
implementation%appears%to%exist.%The%analysis%within%this%dissertation%is%intended%to%address%
this%issue.%%
%
(
(
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!
CHAPTER!3:!METHODOLOGY!
!
!
3.1!INTRODUCTION!
!
!
This! section! defines! the! methodology! used! to! reach! the! objectives! of! this! dissertation!
through! data! collection,! assessment,! and! analysis.! The! requirements! for! choosing! such!
methods! are! discussed,! along! with! the! framework! upon! which! the! methodology! was!
undertaken.!
!
The!methods!used!to!obtain!information!and!data!within!this!context!were!selected!to!meet!
the! objectives! of! analysing! the! current! status! of! small! operations! and! analysing! the!
opportunities!available!for!improving!the!energy!consumption!framework.!This!research!is!
also!intended!to!provide!small!operations!with!an!information!tool!which!can!be!used!easily!
by!owners!to!gain!insight!into!the!opportunities!that!exist!specific!to!their!operation!and!the!
potential!costs!associated!with!such!opportunities.!!
!
3.2!LITERATURE!REVIEW!OF!SMALL!DAIRY!FARM!CASE!STUDY!ENERGY!APPLICATIONS!
!
This! dissertation! research! requires! a! broad! perspective! of! small! dairy! farm! operations,!
subsequent!key!energy!consumptions!factors,!the!region’s!energy!policy!framework,!and!the!
region’s! renewable! energy! resource’s! availability.! A! literature! review! was! undertaken! of!
local! government! statistics,! background! information,! policies,! and! subsidies! through! the!
review!of!publications!and!data!available!to!the!public.!!
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Background!information!and!statistics!were!researched!to!serve!as!benchmarks!and!provide!
clarity!to!the!reader!of!the!local!setting!and!challenges!involved.!A!review!of!dairy!farming!
publications!was!undertaken!to!gain!an!understanding!of!the!processes!and!intricacies!of!the!
dairy! industry! operation.! Key! energy! consumption! trends! within! the! operation! were!
identified! and! justified! through! this! review,! such! as! the! climate’s! affect! on! the! herd’s!
location!and!subsequent!ventilation!requirements.!
!
Journals!were!reviewed!for!case!studies!relating!to!energy!use!and!conservation!in!the!small!
scale!dairy!industry.!This!was!undertaken!with!both!a!focus!on!local!and!global!cases.!Local!
data!relating!to!renewable!resources!available!to!PEI,!such!as!wind!and!sun,!were!assessed!
using!government!publications!and!national!testing!data!collections.!!
!
A!review!of!journals!investigating!the!value!of!information!availability!to!the!operator,!and!
feedback! on! energy! consumption! was! also! undertaken! to! support! the! hypothesis! that!
greater!availability!of!information!and!feedback!on!energy!consumption!and!conservation!
strategies!can!result!in!changes!in!energy!consumption!outcome.!
!
This!literature!review!provides!a!basis,!comparison,!and!justification!for!the!analysis!to!be!
taken!within!this!dissertation.!It!assists!in!defining!the!objectives,!analysing!and!assigning!
meaning! to! the! data! collected,! and! contributes! to! the! resulting! solutions! and!
recommendations.!!
!
!
!
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3.3!CASE!STUDY:!EXTONDALE!FARMS!LTD!
!
The!methodology!for!this!dissertation!included!field!data!review!on!a!local!level!for!analysis!
and!comparison!purposes.!An!inGdepth!case!study!of!Extondale!Farms!Ltd,!a!small!familyGrun!
dairy!farm,!in!Oyster!Bed!Bridge,!Prince!Edward!Island!was!therefore!undertaken.!An!energy!
audit!of!the!facility!was!completed!using!the!procedures!and!equipment!detailed!in!the!
following!sections.!Figure!3.1!shows!the!location!of!Extondale!Farm!Ltd!(marked!by!letter!A)!
in!an!aerial!view!of!Prince!Edward!Island.!
!
!
!
!
!
!
!
!
!
!
Figure!3.1.!Aerial!depiction!of!Prince!Edward!Island!with!letter!“A”!indicating!the!location!of!
the!case!study!subject,!Extondale!Farms!Ltd!(Google!Earth!2012).!
!
3.3.1!FACILITY!DESCRIPTION!
!
Extondale!Farms!Ltd!is!a!small!dairy!cattle!farm!in!rural!Prince!Edward!Island!with!an!active!
milking!herd!size!of!ninetyGfive!cattle.!The!facility!as!it!currently!exists!was!established!in!  18 
1977!and!consists!of!one!enclosed!barn!structure!of!approximately!9600!square!feet!or!892!
square!meters!which!is!the!primary!core!of!all!operations!and!energy!consumption!on!the!
site.!There!exists!two!smaller!openGair!barns!which!consist!only!of!lighting!energy!loads.!
!
The! three! buildings! are! wood! frame! construction! with! aluminium! and! wood! siding.! The!
existing! lighting! fixtures! range! from! incandescent,! to! T8! and! compact! fluorescent.! The!
primary!facility!has!minimal!baseboard!electric!heating,!robust!ventilation!fans,!and!a!9000!
litre!refrigeration!tank!for!milk!cooling.!Hot!water!heating!for!the!tank!wash!cycle!is!heated!
by!a!propane!fired!heating!system.!A!1.5W!electric!fence!also!encloses!the!grazing!lands.!
!
3.3.2!AUDIT!BOUNDARY!DEFINITION!
!
The!boundary!of!the!case!study!audit!encompasses!all!energy!consumption!by!the!primary!
facility!and!the!two!openGair!barns.!As!noted!above!the!energy!sources!used!in!the!boundary!
operations! is! primarily! electricity,! with! the! propaneGfuelled! water! heating! for! sanitation!
cycles.!Vehicles!associated!with!farm!activities!are!deemed!as!secondary!to!the!operation!of!
the!facility!and!are!therefore!for!this!case!study!considered!outside!of!the!audit!boundary.!
Vehicle!transport!of!the!milk!product!is!undertaken!by!the!milk!purchaser!and!is!therefore!
outside! the! audit! boundary.! Figure! 3.2! highlights! the! boundary! area! from! an! aerial!
perceptive!of!the!facility.!!
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!
Figure!3.2.!Aerial!photo!of!Extondale!Farms!Ltd!with!the!case!study!Audit!Boundary!
deligniated!(Google!Inc!2012).!
!
3.3.3!THREE!PHASE!AUDIT!FRAMEWORK!
!
A!three!phase!energy!audit!framework!was!used!for!this!dissertation!data!collection!with!the!
intent!of!undertaking!a!structured!and!systematic!approach!to!energy!analysis!upon!which!
benchmarking!and!energy!mangement!opportunities!can!be!clearly!defined.!The!three!phase!
audit! approach! for! this! dissertation! is! based! upon! the! Autralian! Government’s! Energy'
Management'Advisory'Booklet'(DPIE!1994).'
!
Phase!I,!an!audit!of!historical!data,!focuses!on!the!past!consumption!trends!of!the!audit!
subject.!This!method!requires!the!collection!of!historical!!energy!related!billing!data!and!
subsequent! analysis.! Energy! inputs! and! associated! costs! are! analysed! for! apparent!  20 
anomalies,!annual!and!seasonal!trends.!A!benchmark!figure!can!be!deduced!based!on!this!
data!with!respect!to!energy!use!per!unit!herd!size!of!the!facility.!!
!
This!dissertation!data!collection!consisted!of!the!retrieval!of!at!least!one!year’s!worth!of!
billing!data!for!the!electricity!and!propane!consumption!of!the!operation.!This!dissertation!
will!consider!the!energy!use!per!head!of!milk!producing!cattle!given!that!the!energy!is!
primarily!being!used!to!house,!feed,!and!milk!the!herd.!!
!
Phase! II,! ! “screening! survey”,! investigates! the! present! operation! of! the! facility! and! is!
essentially!a!screening!survey!completed!in!the!form!of!a!walkGthrough!audit!(DPIE!1994).!All!
energy! consuming! equipment! and! processes! are! identified! with! ratings! and! estimated!
operational!hours!recorded.!Inefficiencies!and!waste!energy!locations!are!recorded!along!
with!the!identification!of!potential!gaps!in!the!metering!process!(DPIE!1994).!!Analysis!is!
then! undertaken! to! compare! the! Phase! II! estimated! energy! consumption! with! the! data!
produced!in!the!Phase!I!historical!billing!anaysis.!Key!areas!of!interest!or!striking!anomalies!
can!then!be!identified!for!further!investigation!and!potential!efficiency!improvements.!
!
Phase!III,!“detailed!investigation!and!analysis”,!involves!a!detailed!investigation!and!further!
analysis!into!key!areas!identified!in!the!Phase!II!analysis!and!comparison!to!Phase!I.!Items!
that! may! require! further! examination! to! determine! if! efficiency! opportunities! ! exist! are!
undertaken!in!this!phase.!!
!
Phase!III!also!includes!!the!metering!of!the!daily!load!profile!for!the!facility!over!the!course!of!
a!four!day!period!during!the!coldest!period!of!the!year.!This!method!creates!a!clear!picture!  21 
of!the!behaviour!of!the!energy!consumption!throughout!the!various!cycles!of!operation!
within!the!facility.!!
!
3.3.4!ENERGY!CONSUMPTION!MEASUREMENT!TOOLS!AND!PROCEDURE!
!
The! metering! of! the! daily! load! profile! for! the! operation! was! undertaken! using! the!
appropriate! tools! and! procedures.! Metering! for! the! data! obtained! for! review! and!
comparison! in! this! dissertation! was! measured! using! a! Hioki! 3169G21! Clamp! On! Power!
HiTester!with!data!logger!as!shown!in!Figure!3.3.!This!instrument!was!installed!to!measure!
the!current!and!voltage!being!used!by!the!case!study!operation!and!left!to!record!four!days!
of!data.!!
!
!
!
!
!
!
!
!
!
!
!
Figure!3.3.!Hioki!Metering!Instrument!used!for!data!recording!for!daily!load!profile!(Hioki!
2012).!
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The!installation!of!this!instrument!was!undertaken!using!a!twoGperson!rule!to!ensure!that!
the!installer!was!not!alone!in!the!event!of!an!accident.!!Upon!locating!the!sole!electrical!
panel!entering!the!primary!facility,!the!larger!current!clamps!were!affixed!to!the!incoming!
power!cables.!Upon!shutdown!of!two!nonGessential!breakers,!the!smaller!voltage!clamps!
were!then!affixed!to!two!breakers!within!the!main!panel!to!obtain!an!accurate!voltage!
reading!throughout!the!metering!period.!The!demand!was!then!set!to!record!at!five!minute!
intervals!to!ensure!accurate!and!adequate!data!was!collected.!This!procedure!led!to!analysis!
of!a!daily!load!profile!for!the!operation!which!is!valuable!in!the!assessment!of!renewable!
energy!systems!implementation!opportunities!and!overall!analysis!of!the!process.!!
!
Other!tools!used!in!the!data!collection!within!the!audit!process!included!a!flash!light,!tape!
measure,!camera,!safety!footwear,!ladder,!protective!gloves,!pen!and!notebook.!
!
3.4!EFFICIENCY!AND!RENEWABLE!ENERGY!SYSTEMS!ANALYSIS!SOFTWARE!
!
Opportunities!for!greater!efficiency!in!energy!use!and!renewable!energy!generation!for!the!
case!study!subject!are!analysed!using!the!RETScreen!Clean!Energy!Project!Analysis!software!
(RETScreen!Interenatiol!2012).!RETScreen!is!an!internationally!used!software!which!aids!in!
project!feasibility!analysis!by!providing!technical!and!financial!viability!assessments!based!on!
project!specific!inputs.!For!this!dissertation!solar!thermal,!photovoltaic,!and!wind!systems!
were!analysed!using!the!RETScreen!climate!database!and!the!key!parameters!collected!from!
the!three!phase!energy!audit.!!
!
!
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3.5!SELFEASSESSMENT!TOOL!DEVELOPMENT!
!
A! key! objective! of! this! dissertation! is! the! development! of! a! SelfGAssessment! Tool! (SAT)!
specific!to!smallGscale!dairy!operations’!energy!consumption!and!opportunities!analysis.!The!
development! of! this! tool! was! created! systematically! based! upon! the! analysis,!
recommendations,! and! opportunities! realized! through! this! dissertation’s! findings.! Cost!
estimates!and!types!of!potential!system!upgrades!within!the!!SAT!are!based!upon!industry!
product!research!and!RETScreen!database!information.!The!SAT!was!created!using!a!basic!
userGfriendly!Microsoft!Excel!Spreadsheet!format.!Chapter!7!details!the!instructions!for!the!
use!of!the!SAT!by!the!facility!and!the!qualifying!items!required.!
!
!
!
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CHAPTER(4:(RESULTS(AND(ANALYSIS(
4.1(INTRODUCTION(
(
The$three$phase$energy$audit$approach$discussed$in$the$previous$chapter$was$applied$in$a$
case$study$of$a$small$dairy$farm,$Extondale$Farms$Ltd,$in$Oyster$Bed$Bridge,$Prince$Edward$
Island,$with$approximately$ninety@five$cattle.$The$objective$was$to$understand$the$energy$
consumption$ profiles$ of$ small$ dairy$ farm$ operations$ within$ the$ region$ and$ to$ assist$ in$
identifying$ energy$ efficiency$ opportunities$ and$ the$ possibilities$ of$ meeting$ part$ of$
consumption$with$renewable$energy.$$This$chapter$presents$the$results$and$analysis$of$the$
case$study. 
$
4.2(PHASE(I:(HISTORICAL(BILLING(ANALYSIS(
$
Electricity$ and$ propane$ are$ the$ two$ primary$ energy$ sources$ consumed$ within$ the$ audit$
boundary$ of$ the$ case$ study$ operation.$ Historical$ billing$ records$ were$ obtained$ and$ are$
analysed$for$Phase$I$of$this$audit.$
$
4.2.1(ENERGY(CONSUMPTION(DATA(
$
An$ analysis$ of$ the$ billing$ records$ dated$ between$ November$ 2010$ and$ December$ 2011,$
enclosed$ in$ Appendix$ B,$ for$ the$ site$ was$ undertaken$ and$ has$ been$ normalised$ to$
consumption$per$day$data$for$accuracy$and$comparison$purposes.$Figure$4.1$and$4.2$detail$
the$daily$electricity$consumption$and$the$daily$propane$consumption$over$the$course$of$the$
billing$history$analysis$year.$  25 
$
Figure(4.1.$Average$Daily$Electricity$Consumption$based$on$historical$billing$analysis.$
$
$
$
Figure(4.2.$Average$Daily$Propane$Consumption$based$on$historical$billing$analysis.$  26 
The$total$electricity$consumed$in$the$analysis$year$was$found$to$be$109,678$kWh.$The$total$
propane$ consumed$ in$ 2011$ was$ found$ to$ be$ 1,997$ litres$ or$ 14,034$ equivalent$ kWh
1.$
Considering$propane$and$electricity$to$be$the$two$energy$sources$within$the$audit$boundary,$
the$total$energy$consumption$of$the$operation$in$2011$is$123,712$kWh.$The$percentage$of$
the$total$consumption$accounted$for$by$each$energy$source$is$detailed$in$Figure$4.3.$
$
$
Figure(4.3.$Total$Energy$Consumption$by$source$based$on$historical$billing$analysis.$
$
The$energy$intensity$for$the$operation$is$benchmarked$as$a$factor$of$energy$consumption$
with$respect$to$the$herd$size.$In$this$case$study,$the$energy$intensity$is$calculated$to$be$1,302(
kWh/head$given$the$total$consumption$of$123,712$kWh$and$the$herd$size$of$ninety@five$(95).$
                                                 
1 Propane energy content= 25.3MJ/L (Natural Resources Canada 2010); 1kWh=3.6MJ.   27 
This$data$is$key$for$benchmarks$comparisons$within$the$industry$to$assist$in$future$growth$
and$information$sharing.$$
$
4.2.2(ENERGY(CONSUMPTION(COST(
$
Extondale$Farms$Ltd$is$a$very$small$operation$with$one$electricity$meter$encompassing$the$
entire$ site$ that$ includes$ a$ previously$ existing$ family$ farmhouse.$ Given$ this$ unique$
arrangement,$ the$ meter’s$ consumption$ is$ charged$ at$ a$ Rural$ Residential$ rate.$ Table$ 4.1$
details$the$electricity$and$propane$rates.$
$
Table(4.1.$Energy$rates$based$on$historical$billing$analysis.$
Electricity)(per%month)
Service%Charge
Demand%Charge%
Energy%Charge
Propane
Unit
Energy)Rates)Schedule
$.63/Litre
Rural)Residential
$26.92
none
$.1205%per%kWh%up%to%2000kWh
$.092%per%kWh%above%2000kWh
Rate)
$
$
The$ energy$ rates$ demonstrate$ a$ linear$ relationship$ with$ consumption,$ in$ that$ electricity$
consumed$at$peak$demand$is$charged$at$the$same$rate$as$electricity$consumed$during$off@
peak$ times;$ Therefore$ this$ rate$ structure$ does$ not$ exhibit$ opportunities$ for$ demand$
management$strategies.$$
$
The$ total$ annual$ cost$ of$ electricity$ and$ propane$ is$ therefore$ $11,097.42$ and$ $1,258.11$
respectively,$ totalling$ an$ annual$ overall$ energy$ cost$ of$ $12,355.53.$ The$ annual$ energy@
related$cost$per$head$of$cattle$is$therefore$$130.06/head.$$  28 
4.2.3(ENERGY(CONSUMPTION(TRENDS(AND(ANOMALIES(
$
The$sanitation$cycle,$which$requires$the$hot$water$heated$by$the$propane$energy$source,$is$a$
consistent$ cycle$ that$ occurs$ every$ 48$ hours$ upon$ pick@up$ by$ the$ milk$ purchaser,$ which$
empties$the$cooling$tank.$As$such$the$minimal$variation$in$propane$consumption,$from$May$
to$October,$as$detailed$in$Figure$4.2$may$be$considered$irrelevant$as$it$is$reasonable$to$
assume$that$the$propane$tank$is$not$being$filled$at$the$exact$same$level$of$volume$depletion$
each$time.$Given$that$the$billing$history$is$based$upon$volume$purchased$by$filling$the$tank$
approximately$every$four$months,$it$is$reasonable$to$disregard$this$small$variation.$However,$
this$minor$variation$in$Figure$4.2$may$also$be$the$result$of$a$seasonal$effect.$The$propane$
consumption$lowers$slightly$in$the$summer$months,$which$may$be$directly$related$to$a$rise$
in$the$ground$water$temperature$feeding$the$hot$water$heating$tank.$This$small$rise$in$the$
starting$temperature$could$be$the$cause$of$slightly$less$propane$to$heat$the$water$to$the$
required$temperature.$In$light$of$the$stable$nature$of$the$propane$use$and$it$accounting$for$
only$11%$of$the$overall$energy$consumption,$a$greater$focus$will$be$placed$on$the$electricity$
consumed.$$
$
The$electricity$consumption$over$the$year$does$demonstrate$some$trends$and$anomalies$
with$ respect$ to$ external$ factors$ such$ as$ seasonal$ changes,$ which$ cause$ operational$
variances,$as$evident$in$Figure$4.1.$An$increase$in$energy$consumption$can$be$identified$as$a$
season$transition$to$the$colder,$limited$day@light,$winter$months.$December$to$March$is$
winter$within$the$local$region,$however$the$shoulder$months$surrounding$winter$can$also$
demonstrate$ harsh$ conditions.$ Figure$ 4.4$ demonstrates$ the$ average$ daily$ electricity$
consumption$and$the$corresponding$average$temperatures$recorded$during$2011.$
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Figure(4.4.$Average$Daily$Load$and$Mean$Temperature$Trend$(Environment$Canada$2012).$
$
An$evident$reduction$in$energy$consumption$is$observed$during$the$summer$months$of$June,$
July,$and$August.$This$directly$relates$to$a$maximum$day@light$hours$which$directly$reduces$
lighting$requirements,$however$this$does$not$represent$the$full$story$as$depicted$in$Figure$
4.4.$ The$ primary$ factor$ contributing$ to$ the$ annual$ electrical$ consumption$ trend$ for$ the$
operation$is$triggered$by$the$changing$season,$which$ultimately$leads$to$the$timing$in$which$
the$herd$moves$from$permanently$residing$outdoors$in$the$pasture,$to$permanently$residing$
indoors$within$the$primary$facility$structure.$$This$likely$explains$the$two$peak$consumption$
periods$observed$during$the$months$of$November$and$May.$These$shoulder$season$months$
represent$the$change$in$location$of$the$herd$and$the$corresponding$energy$required.$In$the$
month$of$November$the$temperature$begins$to$fall$to$where$freezing$temperatures$may$be$
experienced$overnight.$This$is$the$approximate$timeframe$during$which$the$herd$is$required$  30 
to$move$inside$for$the$winter.$However,$given$that$the$outside$temperature$is$just$at$the$
point$of$becoming$cold,$the$interior$temperature$of$the$barn,$filled$with$the$herd,$rises$much$
higher$than$the$exterior$temperature$and$therefore$the$ventilation$system$functions$at$its$
full$capacity.$This$trend$occurs$again$in$May$prior$to$the$movement$of$the$herd$to$pasture$
for$the$summer$months.$The$ventilation$system$consists$of$a$wall$of$fans$at$the$barn’s$west$
end$ and$ an$ opposing$ wall$ with$ adjustable$ air$ intake$ panels$ at$ the$ barn’s$ east$ end.$ A$
programmable$control$system$is$set$to$maintain$an$indoor$temperature$of$eight$degrees$
Celsius.$The$ventilation$system$runs$throughout$the$winter$in$varying$capacities$and$during$
the$5$hours$of$daily$milking$during$the$summer$months.$$
$
No$heating$within$the$main$section$of$the$primary$facility$is$therefore$required$during$the$
winter$ months.$ A$ small$ office$ and$ utility$ room$ consisting$ of$ minimal$ baseboard$ heating$
would$also$contribute$slightly$to$the$increase$in$electricity$consumption$during$the$non@
summer$seasons.$
$
Anomalies$may$be$evident$in$the$last$three$months$of$the$billing$analysis.$It$appears$that$the$
load$ may$ be$ increasing$ versus$ the$ previous$ year’s$ winter$ months.$ December$ 2010$ is$
recorded$as$several$degrees$warmer$on$average$than$the$December$2011$data,$which$may$
contribute$to$this$perceived$potential$anomaly.$The$Phase$II$and$III$investigation$that$follows$
may$uncover$further$information$in$this$regard.$$
$
$
$
$
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4.3(PHASE(II:(WALK(THROUGH(SCREENING((
(
The$Phase$II$Walk$Through$Screening$was$undertaken$over$the$course$of$5$days$in$November$
2011.$The$process$of$the$operation$and$consuming$equipment$were$observed$for$power$
ratings$and$operational$use$trends.$
$
4.3.1(SCREENING(RESULTS(
$
The$operation$requires$milking$of$the$herd$twice$per$day$at$twelve$hours$intervals.$The$milk$
is$ extracted$ to$ the$ refrigeration$ tank$ and$ remains$ in$ holding$ for$ pick@up$ by$ the$ local$
purchaser$which$occurs$every$two$days.$The$tank$is$sized$at$9000$litres$to$allow$for$two$days$
containment$or$the$volume$extracted$by$four$milking$cycles.$$One$milking$cycle$produces$
approximately$2150$litres$of$milk.$Upon$pick@up$by$the$purchaser,$the$tank$undergoes$a$
detailed$one@hour$sanitation$cycle$in$accordance$with$local$regulations$with$the$purpose$of$
protecting$ against$ unwanted$ bacteria.$ The$ 12@hour$ milking$ cycle$ and$ the$ two@day$ milk$
cooling$followed$by$tank$sanitation$are$the$key$energy$consuming$patterns$that$exist$within$
the$operation.$The$ventilation$system$is$a$highly$varied$component$of$energy$consumption$
as$the$system$control$is$programmed$to$maintain$a$temperature$of$eight$degrees$Celsius$
within$the$primary$facility.$Table$4.2$contains$the$results$of$the$equipment$inventory$review$
and$highlights$the$key$consumers.$
$
$
$
$
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Equipment*Type Op*Hrs/Yr Rating*(W) Qty
Estimated*Annual*
Consumption*
(kWh)
Heating
Baseboard)Heater)(Office) 4380 500 1 2190
Baseboard)Heater)(Utility)Rm) 4380 500 1 2190
Ventilation
Fan)Motors 5000 746 4 14920
Refrigeration
Compressors) 2555 5680 2 29024.8
Agitator)Motor 1095 746 1 816.87
Washing)Pump 730 746 1 544.58
Milking
Variable)Speed)Vaccum)Pump)(Milking) 2190 5595 1 12253.05
Lighting
Lighting)(Primary)Facility)Q)Original)Section))Incandescent 5840 100 10 5840
Compact)Fluorescent 5840 24 6 840.96
Lighting)(Primary)Facility)Q)New)Section))T8 5840 60 33 11563.2
Lighting)(Open)Barn)#1))Incandescent 5840 100 10 5840
Lighting)(Open)Barn)#2))Incandescent 5840 100 10 5840
Lighting)(Refrigeration)Rm))Incandescent 2920 100 2 584
Lighting)(Utility)Rm))T8 2920 60 1 175.2
Lighting)(Office))Incandescent 5840 100 1 584
Misc
Washer 365 500 1 182.5
Dryer 365 2500 1 912.5
Cleaning)Chain)Motor 365 2200 1 803
Electric)Fence 8760 1.5 1 13.14
Feeder)Battery)Charger 6570 10 1 65.7
Barley)Crusher)Motors 365 746 1 272.29
Farmhouse 12000
Total* 107455.79
Table( 4.2.$ Walk$ Through$ results$ estimating$ annual$ electricity$ consumption$ based$ upon$
estimated$operating$hours$and$equipment$ratings.$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
4.3.2(SCREENING(ANALYSIS(
$
The$ walk$ through$ audit$ data$ listed$ in$ Table$ 4.2$ and$ corresponding$ operational$ hour$
estimations$ result$ in$ an$ annual$ electricity$ consumption$ of$ 107,456$ kWh.$ The$ annual$
estimated$consumption$is$within$2.5%$of$the$annual$electrical$consumption$of$109,678$kWh$
found$in$the$facility’s$historical$billing$analysis.$Operation$hours$for$each$piece$of$equipment$  33 
was$estimated$based$upon$observation$of$the$facility’s$processes$and$considering$seasonal$
trends$which$effect$the$operation.$The$farmhouse$residence$is$fed$electricity$by$the$single$
meter$existing$on$the$site.$This$is$outside$of$the$boundary$for$this$analysis,$however,$it$is$
included$for$the$purposes$of$balancing$the$walk@through$screening$consumption$with$the$
billing$data$obtained.$The$farmhouse$has$been$estimated$to$consume$12,000$kWh$per$year$
and$error$in$this$estimation$may$represent$a$portion$of$the$deviation$in$the$Phase$I$and$II$
consumption$analysis.$Other$areas$where$the$billing$analysis$may$deviate$from$the$walk$
through$ is$ the$ ventilation$ operating$ hours.$ It$ has$ been$ estimated$ based$ upon$ seasonal$
temperature$fluctuations$and$herd$location$that$the$four$fans$run$an$estimated$5000$hours$
per$year.$This$may$signify$an$error$in$estimation$as$the$ventilation$could$theoretically$run$
significantly$longer$during$the$year.$Most$other$components$of$the$farm$operation$are$quite$
cyclical$ and$ therefore$ predictable$ in$ their$ operational$ trends.$ Figure$ 4.5.$ represents$ the$
breakdown$of$electrical$consumers$as$per$the$results$of$the$Phase$II$walk$through$analysis.$
$
$
Figure(4.5.$Phase$II$electrical$consumption$breakdown$by$sector.$$  34 
$
Lighting,$refrigeration,$and$ventilation$operations$are$the$three$major$consumers$within$the$
operation$as$demonstrated$in$Figure$4.5.$No$significant$anomalies$or$differing$trends$are$
observed$upon$comparing$the$billing$analysis$consumption$data$with$the$screening$data$
therefore$Phase$III$will$focus$solely$on$the$three$key$consumers.$
(
4.4(PHASE(III:(DETAILED(INVESTIGATION(AND(ANALYSIS(
$
The$three$key$electricity$consumers$found$in$the$Phase$II$analysis$were$the$facility’s$lighting,$
refrigeration,$and$ventilation$requirements.$The$following$section$will$analysis$the$operation$
with$ respect$ to$ these$ key$ consumers$ and$ identify$ opportunities$ for$ reducing$ energy$
consumption.$
$
4.4.1(LIGHTING(
$
The$lighting$inventory$taken$in$Phase$II$for$the$facility$exposes$opportunities$for$immediate$
improvement$ given$ that$ portions$ of$ the$ facility$ are$ using$ incandescent$ lighting,$ which$
consumes$a$high$amount$of$energy$and$also$emits$a$high$amount$of$heat.$Clarke$and$House$
(2006)$suggest$that$a$dairy$facility$can$experience$a$75%$reduction$in$energy$costs$associated$
with$incandescent$lighting$by$the$installation$of$T8$tube$fluorescent$lighting$fixtures.$
(
The$primary$facility,$within$which$the$herd$is$housed$during$the$winter$months,$and$milked$
twice$per$day,$is$currently$comprised$of$an$old$section$and$a$new$section$which$was$a$recent$
addition$to$allow$for$operational$growth.$The$old$portion$of$the$primary$facility$is$lit$by$
incandescent$lighting,$as$shown$in$Figure$4.6,$while$the$new$portion$is$fitted$with$T8$lighting$  35 
as$show$in$Figure$4.7.$An$investment$in$updating$the$old$portion$of$the$facility$is$a$good$
opportunity$for$the$operation$to$reduce$energy$costs,$however,$Clarke$and$House$(2006)$
also$ indicate$ production$ advantages$ to$ improving$ lighting$ and$ extending$ the$ light$ hours$
experienced$by$the$herd$during$the$winter$months.$$
“During$winter,$cows$respond$to$the$shorter$daylight$hours$by$reducing$feed$
consumption.$When$they$eat$less$food,$they$produce$less$milk.$Long@day$lighting$(16@
18$hr.$of$daylight)$increases$milk$production$by$simulating$summer$conditions.$
Studies$show$that$long@$day$lighting$can$boost$milk$production$from$5%@16%.”$(Clarke$
and$House$2006).$
Therefore$by$retrofitting$for$T8$fluorescents$and$extending$the$current$lighting$hours$from$
16$to$18$hours$in$the$primary$facility,$energy$savings$and$production$increases$can$occur.$It$
can$ also$ be$ proposed$ that$ by$ replacing$ incandescent$ bulbs,$ and$ their$ inherent$ heat$
dissipation$of$up$to$95%,$with$T8$technology,$the$ventilation$load$(one$of$the$three$major$
energy$consumers)$may$be$reduced.$T8$and$T5$technology$are$researched$to$have$the$most$
favourable$heat$dissipation$value$of$73@75%$(Sanchez$and$Sweeney$2010).$
$
$
$
$
$
$
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Figure(4.6.$Original$section$of$the$barn$structure$with$incandescent$lighting.$
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Figure(4.7.$New$section$of$the$primary$facility$with$T8$fluorescent$lighting.$  37 
4.4.2(REFRIGERATION(
Refrigeration$is$a$critical$component$of$the$dairy$operation.$The$refrigeration$cycle$is$on$a$
two@day$pattern,$which$begins$with$a$sanitized,$empty,$9000$litre$tank,$and$proceeds$to$
become$¼$full$in$the$first$12$hours,$with$the$first$milking.$This$requires$less$work$from$the$
refrigeration$unit$compressors$to$keep$the$low$volume$of$product$in$the$holding$tank$cool.$
After$24$hours,$and$two$milkings,$the$tank$is$half$full$and$the$load$on$the$compressors$
increase.$This$increases$further$as$the$third$milking$enters$the$tank$after$36$hours$and$is$at$
its$maximum$operational$load$after$48$hours$while$working$to$cool$almost$9000$litres$of$
product$ until$ pick@up$ by$ the$ purchaser.$ Figure$ 4.8$ depicts$ one$ of$ the$ two$ compressors$
currently$cooling$and$condensing$the$refrigerant$for$the$holding$tank.$$
$
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(
Figure(4.8.$One$of$two$condenser$units$and$corresponding$cooling$fans.$  38 
$
Given$the$consistency$and$size$of$the$operation$and$the$importance$of$cooling$the$product,$a$
maintenance$ program$ for$ the$ condensers$ and$ fans$ would$ be$ best$ suited$ for$ this$ case.$
Regular$ cleaning$ and$ maintenance$ of$ these$ units$ would$ provide$ some$ marginal$
improvement$to$the$current$energy$consumption.$Further$energy$efficiency$measures$will$be$
considered$in$Section$4.5.$
$
4.4.3(VENTILATION(
$
The$ventilation$for$the$primary$facility$consists$of$four$wall$mounted$fans$and$an$automatic$
wall$opening$at$the$opposing$end$of$the$barn$for$airflow$through$the$length$of$the$structure.$
As$ noted$ in$ the$ historical$ billing$ analysis,$ the$ ventilation$ is$ electronically$ controlled$ to$
maintain$an$interior$temperature$of$8$degrees$Celsius.$The$presence$of$the$herd$indoors$
during$the$winter$months$creates$significant$heat$within$the$primary$facility$and$therefore$
no$heating$is$required$for$the$main$section$of$the$facility$which$houses$the$animals.$So$much$
heat$and$moisture$is$created$by$the$herd’s$presence,$that$the$ventilation$system$runs$in$
varying$capacities$all$through$the$winter$months.$Figure$4.9$depicts$the$walls$mounted$fans$
within$the$facility.$
$
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Figure(4.9.$Four$wall@mounted$fans$for$ventilation$(two$fans$open$in$this$figure).$
$
The$operation$recently$installed$an$automated$system,$which$determines$the$number$of$fans$
required$ for$ cooling$ at$ each$ moment.$ The$ previous$ arrangement$ consisted$ of$ the$ fans$
running$at$all$times$or$not$at$all.$Given$this$recent$installation$of$a$management$system,$the$
operational$ trends$ based$ upon$ the$ seasons$ may$ be$ investigated$ to$ reduce$ energy$
consumption$in$this$area.$
(
The$ months$ of$ November$ and$ May$ were$ the$ operation’s$ highest$ electricity$ consuming$
months$ which$ as$ previously$ mentioned$ is$ likely$ attributed$ to$ the$ shoulder$ season$
phenomenon$in$which$the$weather$is$at$the$borderline$of$being$cold$enough$for$the$herd$to$
move$ indoor$ permanently$ (November)$ or$ warm$ enough$ for$ the$ herd$ to$ potentially$ be$
outdoors$ permanently$ (May).$ A$ study$ of$ further$ historical$ billing$ cycles$ and$ historical$  40 
weather$data$may$provide$further$insight$into$an$optimal$temperature$for$the$transition$of$
the$ herd$ which$ would$ reduce$ or$ shift$ the$ requirement$ for$ full$ ventilation.$ Such$ an$
investigation$is$beyond$the$scope$of$this$analysis.$$
$
The$reduction$of$heat$dissipation$from$incandescent$lighting$will$also$ease$the$load$on$the$
ventilation$system$as$mention$in$Section$4.4.2.$
$
4.5(ENERGY(EFFICIENCY(AND(CONSERVATION(OPPORTUNITIES(
$
There$ exists$ several$ energy$ efficiency$ and$conservation$ opportunities$ for$ the$ case$ study$
operation.$
$
4.5.1(ENERGY(EFFICIENCY(OPPORTUNITIES(
$
The$simplest$and$most$beneficial$opportunity$for$energy$efficiency$improvements$for$the$
case$ study$ operation$ lies$ in$ upgrading$ the$ lighting$ of$ the$ facility$ given$ that$ 29%$ of$ the$
operation’s$total$electricity$consumption$is$lighting.$Some$fluorescent$lighting$is$currently$in$
place,$ however,$ incandescent$ lighting$ should$ become$ a$ top$ priority$ for$ investment$ in$
replacement.$T8$fluorescents$have$become$the$industry$standard,$however,$the$emergence$
of$LED$lighting$is$imminent$and$approximately$31%$more$efficient$than$the$standard$T8$
fixtures$(Trissel$2011).$$
$
Replacing$ all$ incandescent$ lighting$ fixtures$ and$ lamps$ currently$ within$ the$ case$ study$
facilities$with$T8$fixtures$and$lamps$is$an$affordable$retrofit$with$almost$immediate$payback.$
Table$ 4.3$ and$ 4.4$ detail$ the$ economic$ considerations$ of$ replacing$ the$ thirty$ 100@watt$  41 
incandescent$lights$currently$in$use$on$the$farm,$with$thirty$32@watt$T8$lamps.$This$results$in$
a$payback$of$approximately$one$year$and$with$an$energy$cost$savings$of$$1,263$for$this$
upgrade$and$a$net$present$value$of$$3,520$for$a$twenty@year$life$cycle$at$a$10%$future$value$
discount$rate.$This$analysis$considers$relamping$to$be$done$in$a$group$replacement$at$85%$of$
the$lamp$projected$life$and$at$a$labour$cost$of$$10$per$hour.$Fixture$installation$assumes$a$
two$lamp$per$fixture$configuration$and$is$assumed$to$be$installed$at$a$rate$of$two$fixtures$
per$hour$and$a$labour$cost$of$$50$per$hour$for$the$electrician$expertise.$$
$
Table(4.3.(T8(Lighting$Retrofit$Analysis.$
Replace'Incandescents'with'T8s Current'Incand Proposed'T8
Number'of'lamps 30 30
Wattage 100 32
Operational'Hours 5840 5840
Annual'Consumption'(kWh) 17520 5606
Annual'Energy'Savings'(kWh) n/a 11914
Electricity'Cost' $1,857 $594
Annual'Electricity'Cost'Savings n/a $1,263
Efficiency'OptionS'Lighting'Retrofit
$
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Table(4.4.(T8$Lighting$Retrofit$Economic$Analysis.
T8#Retrofit Cost
15#Fixtures#($50#per#Fixture) 1$750
30#Lamps#($3/lamp) 1$90
Fixture#Installation#($25/Fixture) 1$375
Relamping#Cost#($4/lamp) 1$120
Lamp#Life#Estimate#(Hrs) 33000
Annual#Operating#Hours 5840
Analysis#Period#(Yrs) 20
Discount#Rate 10%
Inflation#Rate 0%
Life#Cycle#Net#Present#Value $3,520.62
Annual#Electricity#Cost#Savings $1,263
Annual#Energy#Savings#(kWh) 11,914
Simple#Payback#(Yrs) 1.04
Life#Cycle#Analysis#P#20#Year#Period
$
$
A$reduction$in$propane$use$for$the$heating$of$the$hot$water$feeding$the$sanitation$system$
could$be$achieved$using$several$energy$efficiency$measures.$A$heat$recovery$system$could$
be$installed$prior$to$the$milk’s$entrance$into$the$cooling$tank$which$would$extract$heat$from$
the$milk$to$heat,$or$preheat,$the$water$to$be$used$for$the$sanitation$wash$cycle.$A$heat$
recovery$system$could$also$be$applied$to$the$outlet$of$the$tank$wash$line$given$that$the$
temperature$of$the$sanitation$water$is$required$to$be$at$least$82$degrees$Celsius.$This$could$
also$ act$ as$ a$ preheating$ system$ for$ the$ sanitation$ water$ prior$ to$ propane$ heating.$ The$
potential$for$solar$hot$water$heating$as$a$preheater$for$the$sanitation$hot$water$will$be$
analysed$in$Chapter$6.$$
$
Regular$equipment$maintenance$and$cleaning$schedule$would$allow$all$fans,$pumps,$and$
motors$to$function$as$efficiently$as$possible.$A$lighting$control$system$would$provide$further$
energy$efficiency$in$that$the$lights$in$non@animal$spaces$may$be$motion$sensor,$while$the$
animal$stall$areas$may$have$a$timer@based$system$to$maximum$production$and$minimize$
wastage$of$electricity.$  43 
$
Further$analysis$of$the$shoulder$season$herd$transition$as$mentioned$may$also$result$in$a$
more$efficient$process$through$optimization$of$ventilation$systems.$
(
4.5.2(ENERGY(CONSERVATION(OPPORTUNITIES(
$
Conservation$opportunities$for$the$case$study$operation$and$the$industry$in$general$is$based$
upon$ user$ feedback.$ Given$ that$ energy$ consumption$ is$ generally$ an$ unobservable$ item,$
feedback$is$the$motivation$for$interest$and$action$by$the$operators$of$the$facility.$Feedback$
can$be$achieved$in$various$forms$such$as$direct$feedback$by$way$of$the$installation$of$an$
energy$ management$ system,$ or$ smart$ meters,$ which$ provide$ instantaneous$ readings$ on$
user@friendly$displays$or$through$an$internet$site.$$Indirect$feedback$could$be$provided$by$
the$utility$with$more$frequent$billings$to$engage$the$customer$(Darby$2006).$Darby$(2006)$
concludes$that$immediate$direct$feedback$to$the$user$has$been$researched$to$produce$a$5@
15%$savings$while$indirect$feedback$results$in$0@10%$energy$savings.$Feedback$has$been$
proposed$ and$ implemented$ in$ various$ sectors,$ such$ as$ residential$ and$ some$ heavy$
industries;$it$is$proposed$that$direct$feedback$in$the$dairy$industry$could$provide$similar$
energy$reducing$results.$
$
The$current$low$cost$of$electricity$on$Prince$Edward$Island,$and$the$uninformative$billing$
documents$ produced$ by$ the$ utility$ provide$ little$ incentive$ for$ consumers$ to$ reduce$ or$
conserve$electricity.$This$politically$driven$ideology$does$little$to$further$global$or$regional$
conservation$ efforts.$ Current$ energy$ directives$ in$ the$ European$ Union$ require$ service$
providers$to$enable$and$encourage$their$customers$to$$be$aware$of$their$actual$consumption$
in$real$time$$giving$benchmarks$and$historical$comparisons$(Darby$2006).$Appendix$B$shows$  44 
a$sample$bill$that$demonstrates$the$level$feedback$local$utilities$currently$provide$residents$
of$Prince$Edward$Island.$$
$
For$ the$ case$ study$ of$ Extondale$ Farms$ Ltd,$ the$ installation$ of$ an$ energy$ performance$
metering$and$display$system$would$provide$further$saving$in$addition$to$energy$efficiency$
measures$and$potential$renewable$energy$generation$to$be$discussed$in$Chapter$6.$$$
$
$
(
(
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CHAPTER(5:(RENEWABLE(ENERGY(RESOURCE(ASSESSMENT(
(
5.1(INTRODUCTION(
(
Prince'Edward'Island'is'known'for'its'good'wind'resource,'while'other'renewable'energy'
resources'are'recognized'to'a'lesser'extent.'Wind,'solar'and'tidal'resources'available'for'
energy'generation'in'PEI'will'be'assessed'in'this'Chapter.'Wave'energy'is'a'yet'undefined'
resource'in'the'waters'surrounding'the'Island.'Recent'interest'in'tidal'energy'development'
in'the'region'may'lead'to'further'investigation'of'the'wave'resource.'Biomass,'Hydro,'and'
Geothermal'resource'potential'for'PEI'will'be'briefly'addressed'in'this'Chapter'as'well.''
'
5.2(WIND(RESOURCE(
'
As'an'Island'on'the'on'outskirts'of'the'Atlantic'Ocean,'Prince'Edward'Island'has'good'wind'
energy'generating'resources'in'many'locations.'Figure'5.1'maps'the'wind'energy'resource'
available'across'the'Island.''
'
'
'
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Figure(5.1.'Wind'resource'map'of'Prince'Edward'Island'at'50'meters'above'ground'level'(PEI'
Energy'Corporation'2012).'
'
The'northern'side'of'the'province'and'along'most'of'its'coast'displays'the'best'record'of'
wind'speed'values.'Figure'5.1'presents'a'range'of'wind'speed'from'approximately'5'to'8'm/s'
at'a'recording'height'of'50'meters.'Wind'farm'developments'along'the'northwestern'and'
northeastern'tips'of'the'Island'have'been'successful'installations.''
(
5.3(SOLAR(RESOURCE(
(
Situated'within'latitude'46'and'47'degrees'in'the'northern'hemisphere,'Prince'Edward'
Island’s'access'to'solar'radiation'varies'significantly'throughout'the'seasons'of'a'year.'NASA'
(2012)'satellite'data'recorded'over'22'years'indicates'a'slight'variation'in'solar'radiation'and'
clearness'index'data'from'the'Eastern'section'of'the'Island'to'the'Western'section.'Figures'  47 
5.2'and'5.3'demonstrate'this'difference'and'depict'the'seasonal'trends'experienced'by'the'
Island.'
'
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Figure(5.2.(Monthly'average'insolation'incident'on'a'horizontal'surface'data'for'Eastern'and'
Western'PEI'(NASA'2012).''
'
'
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Figure(5.3.(Monthly'average'clearness'index'data'for'Eastern'and'Western'PEI'(NASA,'2012).'
'
Figure'5.2'and'5.3'represent'a'solar'insolation'incident'range'of'1'to'6'kWh/m
2/day'and'
clearness'indices'ranging'from'36'to'54%'for'Prince'Edward'Island.'Solar'radiation'values'of'
greater'than'4.5'kWh/m
2/day'are'experienced'five'months'of'the'year,'from'April'to'August.'
This' is' the' majority' of' the' spring' and' summer' seasons' in' Atlantic' Canada.' Less' than' 2'
kWh/m
2/day'is'experienced'from'November'to'February'which'is'the'region’s'winter'season.'
The'magnitude'of'the'solar'resource'is'therefore'considered'good'during'the'spring'and'
summer.'The'solar'radiation'values'are'reflected'in'the'clearness'index'trend'for'Eastern'PEI'
at' a' greater' than' 50%' clearness' factor' during' the' summer' months,' and' a' decrease' in'
clearness'in'the'shoulder'seasons'leading'into'winter.'The'Western'PEI'clearness'data'does'
not'mirror'the'solar'radiation'seasonal'trends.'This'may'be'a'result'of'the'Western'section'of'
Prince'Edward'Island'being'further'away'from'the'Gulf'Stream,'a'strong'current'system'of'  49 
the'Atlantic'Ocean'that'flows'up'the'coast'of'the'Eastern'United'States,'along'Canada’s'east'
coast,'and'across'the'north'Atlantic'towards'Europe'(CIMAS'2008).''
'
5.4(TIDAL(RESOURCE(
(
Tidal'resources'are'available'to'Prince'Edward'Island'and'are'beginning'to'be'investigated'for'
energy' generation' development' (Canadian' Hydraulics' Centre' 2006).' Figure' 5.4' maps'
identified'tidal'current'power'sites'in'the'Atlantic'Canada'region.''
'
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Figure(5.4.(Tidal'energy'resource'site'for'Atlantic'Canada'(Canadian'Hydraulics'Centre'2006).'
'  50 
Atlantic(Canadian(
Province
Potential(Tidal(
Current(Energy(
(MW)
Number(of(
Sites
Average(
Size((MW)
New(Brunswick 636 14 45
PEI 33 4 8
Nova(Scotia 2122 15 141
Newfoundland 544 15 36
Four'locations'surrounding'Prince'Edward'Island'demonstrate'tidal'energy'generation'
opportunities.'Table'5.1'breaks'down'the'potential'tidal'energy'available'in'Atlantic'Canada.''
'
Table(5.1.'Mean'potential'tidal'current'energy'of'the'Atlantic'Canadian'provinces'(Canadian'
Hydraulics'Centre'2006).'
(
(
(
(
(
(
This'data'indicates'that'renewable'energy'generation'from'tidal'currents'is'possible'on'a'
modest'scale'for'Prince'Edward'Island.''
'
5.5(HYDRO,(BIOMASS,(AND(GEOTHERMAL(RESOURCES(
(
Prince' Edward' Island' is' currently' the' only' province' in' Canada' with' no' hydro' energy'
generation'(MEL'2012).'The'Island'is'comprised'of'predominantly'red'sandstone'with'low'
elevations'at'approximately'sea'level.'
'
Biomass'resources'are'currently'used'on'Prince'Edward'Island'and'account'for'10'%'of'the'
Island’s'total'energy'consumption'(EAC/PFC'2009).'Wood'is'the'main'resource'used'in'this'
energy'generation'however'various'feedstock'crops'are'currently'in'pilot'project'testing'
through'local'government'initiatives'(EAC/PFC'2009).'Further'initiatives'proposed'include'a'
formal' inventory' of' the' Island’s' estimated' 45%' forest' coverage' with' the' intent' of'  51 
introducing' further' biomass' energy' generation' through' forest' management' practices'
(EAC/PFC'2009).'
(
Geothermal'resources'are'available'and'accessible'on'Prince'Edward'Island.'The'soft'red'clay'
soil' of' the' Island' allows' for' relatively' good' access' to' underground' heating' and' cooling'
resources.'The'Canadian'Government'Office'of'Energy'Efficiency'(2009)'concludes'that'with'
Canadian'temperatures'reaching'^30
oC,'ground'temperatures'remain'in'the'range'of'^2'to'
4
oC,'ground'source'geothermal'systems'can'produce'a'coefficient'of'performance'in'the'
range'of'2.5'to'3.8.'This'indicates'that'2.5'to'3.8'units'may'be'produced'per'1'kWh'input'to'
the'system'(OEE'2009).'
(
5.6(RENEWABLE(ENERGY(RESOURCES:(EXTONDALE(FARMS(CASE(STUDY(
(
The' Extondale' Farms' Case' Study' in' Oyster' Bed' Bridge,' PEI' is' analysed' in' Chapter' 6' for'
renewable'energy'generating'opportunities.'This'section'identifies'the'renewable'resources'
available'to'the'operation'based'upon'the'physical'location'of'the'farm.'
'
The'closest'wind'resource'data'for'the'case'study'site'is'recorded'at'the'Charlottetown'
Airport'which'is'15km'away'from'the'site.'The'clean'energy'project'analysis'tool,'RETScreen'
(2012),'supplies'the'wind'speeds'for'the'local'airport'location'as'listed'in'Table'5.2.'
(
(
(
(
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Charlottetown+Airport+PE
Lat+46.3N Long+863.1E
MONTH
WIND+SPEED+
(m/s)
JAN 5.8
FEB 5.8
MAR 5.8
APR 5.6
MAY 5.3
JUN 4.7
JUL 4.5
AUG 4.2
SEP 4.7
OCT 5
NOV 5.6
DEC 5.8
ANNUAL 5.2
at>10>m
(
Table(5.2.(Wind'speed'data'at'10m'for'the'Charlottetown'Airport'location'(RETScreen'
International'2012).'
(
(
(
(
(
(
(
(
(
(
(
This'wind'speed'data'presents'values'greater'than'5m/s'at'10m'height'over'eight'months'of'
the'year.'The'potential'for'energy'generation'from'this'data'therefore'exists'and'will'be'
investigated'further'in'Chapter'6.'
'
The'solar'radiation'values'for'the'case'study'site'are'taken'from'the'NASA'(2012)'data'
observed'in'Chapter'5.2'for'Eastern'PEI.'Table'5.3'details'the'solar'data'for'the'case'study'
site.''
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Table(5.3.(Solar'radiation'data'for'the'case'study'site'(NASA'2012).'
'
The'solar'radiation'values'projected'at'the'case'study'site'are'greater'than'4.3'kWh/m
2/day'
for'five'months'of'the'year'and'present'the'opportunity'for'solar'energy'generation.'
'
Tidal' energy' is' currently' an' untapped' resource' in' the' region' and' the' potential' energy'
generation'sites'shown'in'Figure'5.4'are'located'at'a'significant'distance'(greater'than'30'
kilometres)'from'the'case'study'site.'Biomass'resources'in'the'form'of'wood'or'suitable'
crops'are'currently'not'available'to'the'case'study'site.'The'land'owned'by'the'operation'is'
not'wooded'as'it'is'used'as'fields'for'livestock'grazing,'and'crops'for'livestock'feed.'All'
cropland'is'used'to'minimize'feed'purchases'for'the'farm'and'therefore'is'not'used'for'
growing'energy'generating'biomass'crops.'Biogas'energy'generation'may'be'an'option'for'
the'operation'given'the'manure'waste'inherent'to'the'operation.'This'will'be'discussed'
further'in'Chapter'6.'
 
LAT:%46.3 LONG:%-63.1
MONTH
MONTHLY(AVE(INSOLATION(INCIDENT(
ON(HORIZONTAL(SURFACE(
(kWh/m^2/day)
MONTHLY(AVE(
CLEARNESS(INDEX
MONTHLY(AVERAGE(
DAYLIGHT(HOURS(
(HRS)
JAN 1.35 0.42 9.06
FEB 2.14 0.45 10.4
MAR 3.26 0.47 11.9
APR 4.3 0.46 13.5
MAY 5.45 0.5 14.9
JUN 6.02 0.51 15.7
JUL 6.02 0.53 15.4
AUG 5.25 0.53 14.1
SEP 3.98 0.51 12.6
OCT 2.41 0.44 10.9
NOV 1.3 0.36 9.5
DEC 1.01 0.37 8.68
ANNUAL 3.54 0.46 12.22  54 
CHAPTER(6:(RENEWABLE(ENERGY(GENERATION((
OPPORTUNITIES(AND(CHALLENGES(
!
!
6.1(INTRODUCTION(
(
This!chapter!details!the!energy!generation!opportunities!and!challenges!presented!at!the!
case!study!operation!site.!Given!the!renewable!resources!available!to!the!site!and!the!state!
of!development!of!current!technology,!an!analysis!of!the!renewable!energy!generation!has!
been!undertaken!for!the!case!study!dairy!operation!in!Oyster!Bed!Bridge,!Prince!Edward!
Island.!The!goal!is!to!investigate!the!feasibility!of!replacing!the!coal!and!nuclear!derived!
electricity! consumption! and! propaneAfuelled! hot! water! heating! with! renewable! resource!
derived!energy.!Wind,!solar!thermal,!and!biogas!energy!generation!and!the!corresponding!
financial! implications! will! be! assessed! for! the! case! study! site,! and! barrier! to! such!
opportunities!will!be!discussed.!
!
RETScreen!International!renewable!energy!systems!analysis!software!was!used!to!analyse!
system!opportunities!and!the!economic!impacts.!RETScreen!consists!of!built!in!climate!data!
based!upon!4700!ground!stations!around!the!world!and!NASA!satellite!data!to!provide!data!
covering! the! entire! earth! (RETScreen! 2012).! Complete! energy! models! are! available! to!
analyse!within!the!software!and!a!verified!product!database!is!available!for!use!in!creating!
realistic! renewable! energy! systems! within! the! models.! The! financial! analysis! within! the!
RETScreen! model! is! based! upon! userAentered! costs! due! to! the! rapid! change! within! the!
industry.!Financial!analysis!includes!the!cost!of!annual!energy!savings,!annual!and!periodic!
costs,!and!all!initial!capital!cost!investments.!Incentives,!grants,!debt,!GHG!reduction!income!  55 
and!any!electricity!export!income!are!considered!within!the!financial!analysis!as!well.!A!
project!life,!discount!rate,!and!inflation!rate!may!be!entered,!however,!the!yearly!cash!flows!
resulting!do!not!include!present!value!analysis!within!the!project!life.!This!present!value!
analysis!was!undertaken!outside!of!the!RETScreen!program!for!this!dissertation.!
!
6.2(WIND(ENERGY(GENERATION(
(
Given!the!good!wind!resource!available!to!the!site,!the!local!utility’s!net!metering!program,!
and! the! annual! electricity! consumption! of! the! farm! of! approximately! 110MWh,! the!
implementation!of!a!wind!energy!system!may!be!considered.!The!initial!goal!of!this!analysis!
is!to!determine!the!feasibility!of!the!farm!becoming!a!net!generator!of!energy.!
!
The!electricity!consumption!trend!for!the!case!study!site!over!the!year!was!detailed!in!the!
Chapter!4!audit!results.!Additionally,!a!daily!load!profile!was!compiled!through!the!use!of!
realAtime! data! recording! onAsite.! The! total! electricity! being! consumed! by! the! farm! was!
recorded!from!February!12
th!to!15
th!using!a!Hoiki!3169!power!meter!resulting!in!the!load!
profiles!shown!in!Figure!6.1.!
!
!
!
!
!
!
!
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Figure(6.1.(Daily!load!profile!data!recorded!at!the!case!study!site!for!February!13!to!15,!
2012.!
!
The!load!profiles!created!from!the!collected!data!will!be!used!in!this!analysis!to!provide!peak!
load!values!and!an!understanding!of!the!characteristics!of!the!base!load!electricity!and!the!
variation!of!load!throughout!the!day.!The!peak!electricity!load!recorded!for!the!case!study!
during!this!dataArecording!period!was!33kW,!which!occurred!at!7:50am!on!February!15
th,!
2012.!Given!that!this!peak!demand!is!experienced!in!February,!which!is!not!the!highest!
consumption!month,!a!multiplying!factor!is!considered!for!the!recorded!peak!demand.!To!
find!a!reasonable!assumption!value!for!the!maximum!peak!demand!load!over!a!year,!the!
peak!load!record!in!February!is!divided!by!the!average!daily!load!recorded!for!February!to!
obtain!a!percentage!of!the!peak!demand!with!respect!average!load.!The!ratio!of!33kW!of!
peak!load!versus!the!average!daily!load!of!12.48kW!for!the!month!of!February,!results!in!a!  57 
factor!of!2.64.!This!factor!is!then!multiplied!by!the!average!daily!load!of!the!month!with!the!
highest!electricity!consumption,!November.!The!average!daily!load!in!November,!as!per!the!
billing!history,!was!15.4kW,!which!results!in!an!estimated!maximum!peak!demand!of!41kW!
when!applying!the!multiplying!factor.!!
!
6.2.1(RETSCREEN(WIND(SYSTEM(ANALYSIS(
(
Two!wind!turbine!systems!were!analysed!for!the!case!study!site!given!its!load!requirements,!
site!attributes,!and!regional!energy!policies.!The!annual!wind!speed!profile!for!the!case!study!
site!as!detailed!in!Table!5.2!in!Chapter!5!is!used!for!this!analysis!with!a!wind!shear!exponent!
value!of!0.11,!due!to!the!farm’s!abundance!of!clear,!unobstructed,!land!on!which!to!install!a!
turbine!(RETScreen!International!2012).!Losses!considered!for!this!analysis!are!detailed!in!
Table! 6.1! and! are! based! upon! single! installation! configuration,! assumed! minimal! airfoil!
soiling,!4%!or!moderate!miscellaneous!losses,!and!a!95%!availability!rating!estimation.!!
!
Table(6.1.!Assumption!of!losses!for!RETScreen!wind!system!analysis.!
!
!
A! total! load! of! 115MWh/yr! is! considered! by! RETScreen! when! given! the! peak! load! and!
average!monthly!load!values,!which!takes!into!consideration!potential!for!greater!peak!load!
events!to!occur!throughout!a!given!year.!The!system!is!configured!to!factor!in!the!grid!
connection!and!a!mean!electricity!rate!of!$0.106!is!used!in!the!absence!of!the!ability!to!
break!down!the!rate!into!consumptionArelated!blocks.!  58 
6.2.1.1(WIND(TURBINE(OPTION(#1(
!
The! first! turbine! analysed! for! the! case! study! site! is! sized! in! an! attempt! to! replace! the!
majority!of!the!electricity!consumed!in!the!base!case!while!maintaining!a!level!of!plausibility!
from!a!financial!and!scale!perspective.!A!25kW!wind!turbine!manufactured!by!Energie!PGE!
was!therefore!selected!with!the!specifications!as!detailed!in!Table!6.2!and!power!curve!as!
depicted!in!Figure!6.2.!
!
Table(6.2.!25kW!wind!turbine!proposed!for!case!study!site.!
!
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Figure(6.2.(Power!and!energy!curves!for!PGE20/25A31m!analysis!wind!turbine!(RETScreen!
International!2012).(
Power&Capacity 25kW
Model PGE&20/25931m
Hub&Height 31m
Rotor&Diameter 20m
Swept&Area 314m^2
Shape&Factor 2
Wind&Turbine&Specifications  59 
(
Analysis! of! this! turbine! under! the! case! study! conditions! resulted! in! the! generation! of!
96MWh!of!electricity!over!a!oneAyear!period,!with!95MWh!being!delivered!directly!to!the!
case!study!load.!Table!6.3!details!the!results!of!this!RETScreen!analysis.!
(
Table(6.3.!RETScreen!results!summary!PGE20/25A31m!wind!turbine!at!case!study!site.!
Wind%Turbine% PGE20/25231m%
Capacity%Factor% 43.50%
Losses%Coefficient 0.90%
Electricity%delivered%to%load 95MWh
Electricity%delivered%to%grid 1MWh
Remaining%electricity%load%required 20MWh
Results%Summary
!
!
The!analysis!shows!that!over!82%!of!the!electrical!load!is!projected!to!be!met!by!the!25kW!
turbine!with!a!remaining!20MWh!of!electricity!to!be!purchased!through!the!utility.!1MWh!is!
shown!to!be!contributed!to!the!grid.!This!may!have!occurred!during!a!low!load!period!at!the!
site,!such!as!the!overnight!hours,!with!the!wind!turbine!operating!at!full!capacity.!This!result!
infers!an!operational!savings!of!an!estimated!$10,000!which!would!have!been!paid!to!the!
utility!for!the!95MWh!of!electricity.!!
!
This!saving!also!translates!into!a!green!house!gas!(GHG)!emissions!reduction!of!22!tonnes!of!
carbon!dioxide!over!the!20!year!life!of!the!project,!given!this!replacement!of!utility!electricity!
consumption.!This!GHG!reduction!is!equivalent!to!the!removal!of!4!cars!from!operation.!
!
!
!
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6.2.1.2(OPTION(#1(FINANCIAL(ANALYSIS(
(
The!financial!analysis!for!system!options!are!considered!over!a!project!lifetime!of!20!years.!
This!is!reasonable!as!the!lifetime!of!small!wind!turbines!is!typically!20!years!(CANWEA!2010).!
Up!front!wind!turbine!costs!have!been!estimated!for!this!analysis!at!$3000/kW!equipment!
cost!and!$3000/kW!for!installation!and!commissioning!(CANWEA!2010).!A!yearly!operating!
and!maintenance!cost!has!also!been!included!in!the!analysis!at!an!annual!cost!of!$1150!per!
turbine!!(CANWEA!2010).!A!future!cash!flow!discount!rate!of!10%!is!considered,!however,!no!
fuel!cost!escalation!or!inflation!rates!are!incorporated!in!this!analysis.!A!government!grant!of!
$50,000! is! assumed! to! be! approved! for! the! proposed! installation! and! is! therefore!
incorporated!in!this!financial!assessment.!A!summary!of!the!financial!considerations!for!this!
system!is!shown!in!Table!6.4.!
!
Table(6.4.!Financial!summary!of!Option!#1!turbine!for!case!study!site.!
!
!
Appendix!C!details!the!yearly!cash!flow!analysis!for!Option!#1!which!shows!a!simple!payback!
period!of!11.3!years.!By!year!20,!a!savings!of!over!$77,000!is!observed!for!the!life!of!the!
project,!which!is!equal!to!a!Net!Present!Value!of!$11,500.!Reinvestment!into!an!upgrade!or!
replacement!of!the!system!may!be!an!attractive!consideration!with!the!savings!realized.!
!
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6.2.1.3(WIND(TURBINE(OPTION(#2(
!
The!second!turbine!analysed!for!the!case!study!site!is!sized!in!an!attempt!to!replace!a!
portion! of! the! electricity! consumed! by! the! base! load! while! considering! initial! costs!
manageable!to!the!operation!and!the!potential!incorporation!of!other!renewable!energy!
generation!projects!for!the!site.!The!maximum!grant!funding!value!of!$50,000!can!only!be!
awarded!once!per!farm!regardless!of!the!number!of!renewable!energy!projects!proposed!for!
implementation.!!
!
A! 10kW! wind! turbine! manufactured! by! ReDriven! was! therefore! selected! with! the!
specifications!as!detailed!in!Table!6.5!and!power!curve!as!depicted!in!Figure!6.3.!
!
Table(6.5.!10kW!wind!turbine!proposed!for!case!study!site.!
!
(
(
(
(
(
(
(
(
(
(
(
Power&Capacity 10kW
Model ReDriven&10
Hub&Height 18m
Rotor&Diameter 8m
Swept&Area 50m^2
Shape&Factor 2
Wind&Turbine&Specifications  62 
Wind%Turbine% ReDriven%10kW
Capacity%Factor% 26.10%
Losses%Coefficient 0.90%
Electricity%delivered%to%load 23MWh
Electricity%delivered%to%grid 0MWh
Remaining%electricity%load%required 92MWh
Results%Summary
(
(
(
(
(
(
(
(
(
Figure(6.3.((Power!and!energy!curves!for!the!10kW!option!turbine!(RETScreen!International!
2012).!
(
RETScreen!analysis!results!for!the!option!#2!10kW!wind!turbine!reveal!that!just!20%!of!the!
overall!electricity!load!is!replaced!by!wind!energy!generated!at!23MWh!annually.!Table!6.6!
details!a!summary!of!the!analysis.!
(
Table(6.6.!RETScreen!results!summary!for!the!10kW!ReDriven!wind!turbine!case.!
!
!
!
!
!
The!analysis!results!in!92MWh!of!electricity!to!remain!under!supply!of!the!local!utility.!No!
electricity! is! shown! to! be! delivered! to! the! grid.! The! 23MWh! generated! by! the! system!  63 
equates! to! $2438! which! would! have! been! paid! to! the! local! utility.! Further! financial!
considerations!for!option!#2!are!detailed!in!the!following!section.!
!
Green!house!gas!emissions!reduction!for!option!#2!is!equivalent!to!5.3!tonnes!of!carbon!
dioxide!and!the!absence!of!1!car!from!operation.!
(
6.2.1.4(OPTION(#2(FINANCIAL(ANALYSIS(
!
Given!the!unit!costs!of!initial!installation,!operating!and!maintenance!costs!previously!
mentioned!and!consistent!discount!rate!parameters,!Table!6.7!details!the!financial!summary!
of!option!#2.!
!
Table(6.7.!Financial!summary!of!10kW!wind!turbine!option.!
!
!
!
!
!
With!the!grant!incentive!included!in!the!analysis,!detailed!in!Appendix!C,!a!simple!payback!
period!of!24!years!is!found!for!option!#2.!This!is!outside!of!the!project!life!span!of!20!years!
and!therefore!does!not!provide!an!attractive!financial!outlook.!!
!
!
!
!
Project(Capital(Cost 60,000 $(((((((((
Annual(O&M(Cost 1,150 $(((((((((((
Annual(Utility(Elect(Cost(Savings 2,428 $(((((((((((
Discount(Rate 10%
Project(Life 20yrs
Eligible(Grant(Value 30,000 $(((((((((
Financial(Summary  64 
6.3(SOLAR(THERMAL(ENERGY(GENERATION(
(
The!replacement!of!the!use!of!propane!fuel!for!hot!water!heating!is!the!focus!of!this!solar!
thermal!analysis!for!the!case!study!site.!A!RETScreen!analysis!has!been!undertaken!for!hot!
water!heating!using!an!evacuated!tube!solar!absorption!system.!The!sizing!of!the!system!
analysed!is!based!on!the!goal!of!complete!replacement!of!the!propane!fuel!on!the!case!
study!site.!!
!
6.3.1(RETSCREEN(SOLAR(HOT(WATER(SYSTEM(ANALYSIS(
!
It!is!estimated!that!the!daily!volume!of!hot!water!used!by!the!farm’s!sanitation!wash!system!
is! approximately! 400! litres! per! day.! The! sanitation! wash! water! is! required! to! be! at! a!
temperature!of!at!least!82
oC!and!operates!seven!days!per!week.!!Ground!supply!water!
temperatures!for!the!case!study!site!location!are!provided!by!RETScreen!(2012)!as!minimum!
1
oC!and!maximum!9.9
oC.!
!
For!simplicity!and!financial!considerations,!the!solar!unit!is!set!to!be!fixed,!with!an!input!
slope!analogous!to!the!latitude!of!the!case!study!site,!46.4
o!and!azimuth!of!0
o!for!a!south!
facing!proposed!installation.!Table!6.8!details!the!specifications!of!the!selected!collector!for!
analysis.!
(
(
(
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Table( 6.8.! Evacuated! tube! collector! specifications! and! analysis! factors! (RETScreen!
International!2012).!
!
!
!
(
(
(
(
(
A!storage!system!is!not!considered!for!this!analysis!and!the!simulation!is!set!up!to!use!
electricity! for! any! hot! water! heating! that! may! be! required! outside! of! the! solar! heating!
system!proposed.!Table!6.9!displays!the!summary!of!results!of!the!RETScreen!analysis!for!the!
case!study!site!for!the!proposed!solar!hot!water!heating!system.!
!
Table(6.9.!RETScreen!analysis!summary!of!results!for!the!solar!hot!water!heating!system.!
(
(
(
These!results!indicate!that!this!system!will!provide!the!majority!of!the!hot!water!heating!
required!for!the!sanitation!wash!cycle.!A!small!amount!of!energy,!0.1MWh,!is!not!covered!by!
the!system!and!is!therefore!made!up!by!electricity!from!the!utility!feed.!This!was!done!to!
eliminate!the!propane!fuel!from!the!site!and!cover!any!outstanding!energy!requirement!with!
electricity!which!is!already!fed!to!the!site.!The!remaining!energy!of!0.1MWh!would!cost!
Solar&Fraction 100%
Heat&delivered 13.0MWh
Remaining&heat&required 0.1MWh
Results&Summary  66 
approximately!$10!to!purchase!from!the!utility.!The!13MWh!generated!by!the!proposed!
system!displaces!approximately!$1300.!!
!
6.3.2(SOLAR(HOT(WATER(SYSTEM(FINANCIAL(ANALYSIS(
!
Financial!analysis!of!this!system!is!based!upon!$1000/kW!unit!collector!cost!estimate!plus!
$500/kW!cost!for!installation!and!related!setAup!equipment!and!piping!(CANSIA!2010).!A!
discount!rate!of!10%!was!used!in!this!analysis!over!the!project!life!of!20!years!with!an!annual!
operating! and! maintenance! cost! of! $250! (CANSIA! 2010)..! Table! 6.10! shows! a! financial!
summary!of!costs,!savings,!and!a!resulting!simple!payback!period!of!9.6!years.!
!
Table(6.10.!Financial!summary!and!resulting!payback!for!proposed!solar!hot!water!system.!
!
!
(
(
(
(
Appendix!D(details!this!financial!analysis,!which!produces!a!$10,450!savings!and!a!present!
value!of!$1,553!by!the!end!of!the!20!year!project!life.!
!
6.3.3(SOLAR(HOT(WATER(SYSTEM(CHALLENGES(
(
Challenges!presented!by!the!solar!hot!water!heating!system!include!the!potential!for!periods!
with! minimal! sun.! The! sanitation! wash! cycle! occurs! once! every! 48! hours! after! the! milk!
Project(Capital(Cost $19,100
O&M(Cost $250
Propane(Fuel(Cost(Savings $1,250
Discount(Rate 10%
Project(Life 20
Eligible(REI(Grant $9,550
Simple(Payback 9.6yrs
Financial(Summary  67 
product! has! been! picked! up! by! the! purchaser! and! the! tank! is! empty.! This! exchange! is!
observed!to!occur!between!the!hours!of!10am!and!2pm!and!therefore!the!hot!water!for!
sanitation! is! required! during! daylight! hours! in! all! cases.! The! electricity! heating! backAup!
proposed!would!also!cover!any!days!without!good!solar!radiation.!The!addition!of!storage!to!
this!analysis!would!also!address!any!potential!issues.!!
(
The!solar!hot!water!system!proposed!to!completely!replace!the!propane!fuel!system!is!quite!
large!in!size!at!20!square!meters.!The!space!to!install!the!system!may!not!be!a!factor!for!the!
farm!given!the!abundance!of!land,!however,!the!practicality!of!replacing!a!currently!compact!
and!relatively!inexpensive!system!with!such!a!large!physical!system!requires!balancing!of!
goals.!A!smaller!solar!hot!water!system!for!preheating!could!be!considered!in!conjunction!
with!the!current!propane!system!to!reduce!the!total!propane!consumption!as!opposed!to!
completely!replacing!it.!!
!
An!analysis!of!a!solar!hot!water!heating!system!sized!to!preheat!the!water!to!approximately!
60
oC!would!require!approximately!half!of!the!physical!area!of!the!proposed!case!using!the!
same!type!and!size!of!collector.!Table!6.11!shows!the!details!of!such!a!system!and!the!
propane!required.!
!
Table(6.11.!Solar!Hot!Water!Preheating!System!Summary.!
!
!
!
(
Solar&System&Capacity 7kW
Total&Collector&Area 11.51m^2
Solar&Fraction 80%
Heat&Delivered& 7.4MWh
Propane&Required&to&heat&to&82C 896L
Propane&Fuel&Reduction&from&Base&Case 1185L
GHG&Emission&Reduction 1.6tCO2
System&Summary&to&Preheat&to&60C  68 
!
This!smaller!7kW!preheating!system!saves!an!estimated!57%!of!the!propane!fuel!required!in!
the!base!case!of!propane!only!hot!water!heating.!The!total!solar!system!cost!is!estimated!to!
be!$10,500!which!would!be!eligible!for!a!50%!REI!Grant!of!$5,250.!!Considering!the!fuel!cost!
savings! of! $746! with! a! small! annual! operating! and! maintenance! cost! output,! a! simple!
payback! period! of! approximately! 10! years! is! found! and! detailed! in! Appendix! D! which!
includes!the!REI!grant.!
!
This!option!may!be!more!feasible!to!the!farm!from!both!capital!cost!and!physical!space!
perspectives.!Given!the!modest!sum!of!$5250!used!from!the!available!$50,000!in!REI!Grant!
funding,!this!system!could!pair!well!with!another!renewable!energy!generating!project.!!
!
6.4(BIOGAS(ENERGY(GENERATION(
(
Energy!generation!using!biogas!as!fuel!to!generate!electricity!for!the!case!study!load!was!
considered!in!this!analysis.!Successful!energy!generation!systems!for!farms!exist!using!the!
manure!waste!from!the!cows!through!an!anaerobic!digester!for!conversion!into!methane!gas!
to!ultimately!drive!a!turbine!to!produce!electricity.!!The!typical!capital!cost!of!an!anaerobic!
digester! is! in! the! range! of! $3700! to! $7000/kW! with! an! operating! cost! of! $0.02/kWh!!
(Government!of!Alberta!2008).!Table!6.12!presents!the!potential!energy!output!based!upon!
the!annual!waste!of!one!animal.!
!
!
!
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Table(6.12.!Manure!energy!potential!(Government!of!Alberta!2008).!
!
!
!
!
!
For!the!case!study!operation!consisting!of!95!dairy!cows,!the!potential!electricity!generation!
from!the!herd’s!manure!is!116,565kWh!per!year.!This!exceeds!the!total!annual!electricity!
consumption! of! the! case! study! operation! by! approximately! 7,000kWh,! therefore! the!
additional!projected!output!could!be!used!for!water!heating,!displacing!a!portion!of!the!
existing!propane!system!load.!This!energy!generation!option!appears!attractive!therefore!
financial!analysis!is!undertaken!as!summarized!in!Table!6.13!and!detailed!in!Appendix!E!
assuming!a!system!size!of!14.4kW!and!the!inclusion!of!an!REI!grant!value!to!cover!50%!of!the!
capital!cost.!
!
Table(6.13.!Financial!analysis!of!a!14.4kW!anaerobic!digester!for!the!case!study!site.!
Project(Capital(Cost $101,500
Annual(O&M(Cost $2,300
Annual(Utility(Elect(Cost(Savings $12,355
Discount(Rate 10%
Project(Life 20yrs
Eligible(Grant(Value $50,000
Life(Cycle(Net(Present(Value $149,613.00
Simple(Payback(Period( 6(yrs
Financial(Summary
!
!
With!the!assistance!of!the!local!grant!funding,!a!6!year!simple!payback!is!realized.!This!
analysis! results! in! a! favourable! system! which! would! require! further! investigation! and!
confirmation!of!unit!costs!prior!to!implementation!of!the!project.!
Animal'Type
Manure'
Excreted'
(kg/d)
Biogas'
Production'
(m^3/d)
Electricity'
Potential'
(kWh/yr)
Energy'
Potential'
(GJ/yr)
Beef 24 1.1 663 3
Dairy 62 2.01 1227 5.5
Piglet 3.5 0.16 98 0.4
Poultry'(100'layer) 8.8 0.85 516 2.3  70 
6.5(GEOTHERMAL(ENERGY(GENERATION(
(
Geothermal!analysis!was!not!undertaken!for!the!case!study!site!due!to!the!minimal!space!
heating!requirements!of!the!operation!and!the!high!hot!water!temperature!requirement!of!
the!sanitation!cycle.!A!geothermal!system!could!provide!water!preheating!for!the!sanitation!
system,!however!the!drilling!consideration!and!significant!installation!process!is!not!practical!
for!the!case!study!situation.!
!
6.6(OPPORTUNITIES(AND(CHALLENGES(
!
The!opportunities!assessed!result!in!several!potential!generation!systems!for!the!case!study!
farm.!The!availability!of!capital!to!cover!the!initial!costs!not!accommodated!by!the!incentive!
program!is!a!key!component!in!potential!implementation.!Challenges!exist!in!balancing!the!
goal!of!reducing!energy!cost!through!capital!cost!investment.!Efficiency!measures!should!be!
implemented!first!to!reduce!overall!consumption.!Renewable!energy!systems!may!then!be!
considered!based!upon!the!reduced,!more!efficient!consumption!targets.!!
!
The!wind,!solar!thermal,!and!anaerobic!digestion!systems!all!demonstrate!a!positive!impact!
on!reducing!energy!costs.!The!25kW!wind!turbine!shows!good!potential!production!with!the!
challenge!of!a!high!initial!investment!cost.!The!large!solar!system!proposed!presents!the!
challenge! of! a! large! space! requirement! for! installation,! therefore! the! smaller! solar!
preheating! system! may! be! more! attractive! for! reducing! energy! costs.! The! anaerobic!
digestion!system!presents!the!greatest!payback!and!replaces!all!of!the!farm’s!current!energy!
needs.!The!initial!cost!is!quite!high!however,!and!may!be!found!to!be!even!higher!upon!
procurement!of!a!system!sized!for!the!small!scale!of!the!case!study.!This!system!would!be!  71 
the!most!attractive!however!considering!the!resource!for!energy!generation!is!produced!by!
the!herd,!at!the!site.!!  72 
CHAPTER(7:(ENERGY(CONSUMPTION(OPPORTUNITIES:(SELF5
ASSESSMENT(TOOL(
(
(
7.1(INTRODUCTION(
!
The!Energy!Consumption!Opportunities:!Self7Assessment!Tool!(SAT)!spread!sheet!is!intended!
as!a!simple!tool!to!acknowledge!an!operation’s!current!consumption!load,!and!assess!the!
pre7feasibility!potential!of!installing!energy!efficiency!applications!and!renewable!energy!
systems.!The!package!is!based!upon!the!results!and!analysis!from!chapters!4,!5,!and!6!of!this!
thesis.!!
!
Energy!efficiency!and!the!generation!of!renewable!energy!is!a!growing!opportunity!for!small!
farm!operators!to!reduce!their!operating!costs!and!remain!competitive!with!larger!scale!
commercial! operations.! This! analysis! package! allows! the! user! to! input! electricity!
consumption! characteristics! specific! to! the! operation! being! assessed! by! using! historical!
billing!information.!Key!opportunities!recognized!by!the!case!study!research!are!presented!
to! the! user! for! review! of! various! systems! which! may! be! of! interest! for! potential!
implementation.!General!cost!estimations!and!simple!payback!periods!are!calculated!based!
upon!the!options!of!interest!selected.!Implementation!opportunities!presented!for!review!
include!lighting!retrofit!scenarios,!wind!turbine!options,!anaerobic!digester!analysis,!solar!
hot!water!heating!opportunities,!and!photovoltaic!options.!
!
This!chapter!will!assist!the!user!in!comprehending!the!methodology!required!for!using!the!
package,!as!well,!as!some!of!the!basic!analysis!involved!in!the!assessment.!This!package!is!
intended!as!an!estimate!only!and!has!some!inherent!assumptions!in!the!calculations,!which!  73 
may!not!suit!the!user’s!conditions.!It!is!important!for!the!user!to!understand!the!implications!
of! each! result! and! to! acknowledge! that! this! package! is! to! be! used! as! a! pre7feasibility,!
information!gathering!stage!in!the!decision7making!and!subsequent!design!process.!
!
7.2(OPERATIONAL(METHODOLOGY(
(
The!Energy!Consumption!Self7Assessment!Tool!is!a!simple!series!of!seven!Excel!sheets!which!
lead!the!user!through!the!potential!opportunities!available!for!a!small!dairy!operation!in!
Prince!Edward!Island.!The!Excel!file!contains!macros,!which!must!be!enabled!when!the!SAT!
file!is!first!opened.!The!following!concepts!are!presented!in!the!seven!sheets:!
!
7  Billing!Load!Profile!
7  Walk!Through!Load!Analysis!
7  Basic!Efficiency!Opportunities!
7  Wind!Opportunity!
7  Biogas!Opportunity!
7  Solar!Hot!Water!Heating!Opportunity!
7  PV!Opportunity!
!
The! first! sheet! displays! the! required! inputs! and! subsequent! outputs! for! the! electricity!
consumed!by!the!user’s!case.!The!first!section,!Electricity!Billing!Historical!Data,!requires!
inputs!from!the!user’s!case!which!can!be!easily!identified!on!a!monthly!utility!billing!invoice.!
Inputs!required!from!the!user!are!displayed!as!pink!cells.!Notes!providing!more!information!
to!assist!the!user!for!each!input!cell!are!identified!by!a!red!corner!flag.!Electricity!costs!and!
the!format!in!which!they!are!charged!is!a!required!input!by!the!user.!These!inputs!provide!  74 
the! baseline! for! further! opportunities! assessment,! but! they! also! require! the! user! to!
acknowledge!their!current!energy!consumption!and!the!corresponding!costs.!There!are!two!
distinct!types!of!rate!structures!to!select!from!on!the!first!sheet.!A!basic!demand!structure!
with!set!daily!rates!can!be!selected,!or!a!two7meter!structure!with!separate!night!and!day!
rates!is!also!an!option.!This!is!based!upon!the!basic!rates!structures!charged!by!the!utility!in!
PEI.!Output!fields!are!presented!as!white!cells,!while!key!outputs!become!highlighted!in!
green!as!they!are!evaluated.!Figure!7.1!is!a!screenshot!of!the!Load!Input!sheet:!
!
Figure(7.1.(Screen!shot!of!Load!Input!analysis!screen.!
!
The!second!section!of!the!SAT,!Walk!Through!Load!Analysis,!is!arranged!for!the!user!to!
perform! a! walk! through! of! the! facility,! recording! each! energy! consuming! piece! of!
equipment,! the! power! capacity,! and! the! estimated! annual! hours! of! operation! of! the!
equipment.!This!will!form!a!clear!picture!to!the!user!of!the!farms!consumption!and!the!total!
can!then!be!compared!to!the!historical!billing!annual!total.!This!comparison!will!encourage!
more! detailed! consideration! of! the! operation! with! respect! to! trends,! anomalies,! or!
omissions!which!may!be!identified!by!the!user.!!
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The!third!section!of!this!analysis!tool!is!based!upon!the!basic!energy!efficiency!opportunities!
identified!by!the!dissertation!research!to!be!common!among!small!dairy!operations.!The!
user! may! assess! their! current! lighting! type,! wattage,! amount,! and! estimated! hours! of!
operation! to! compare! potential! retrofit! opportunities! and! the! corresponding! costs! and!
payback!periods.!!
!
The!basic!cost!breakdown!for!the!lighting!analysis!is!taken!from!current!research!made!
available!from!!Eleek!Inc!(2012).!Fixtures!installation!costs!are!considered!for!all!lamp!types!
except!incandescent!and!compact!fluorescent!as!it!is!assumed!installation!of!these!fixtures!
would!not!be!part!of!a!retrofit!project.!Fixture!installation/removal!labour!cost!is!assumed!to!
be!$50!per!hour!at!an!installation!rate!of!two!fixtures!per!hour.!Relamping!costs!are!also!
factored! into! this! analysis! under! the! assumption! of! a! labour! cost! of! $10! per! hour! and!
relamping! to! take! 5! minutes! per! lamp.! Figure! 7.2! displays! a! screen! shot! of! the! Basic!
Efficiency!Opportunities!sheet.!
!
!
!
!
!
!
!
!
!
(
(  76 
(
(
(
(
(
(
(
(
(
(
(
(
(
(
Figure(7.2.!Basic!Efficiency!Opportunities!analysis!sheet.!
!
The!fourth!analysis!sheet!applies!to!wind!turbine!generation!opportunities.!This!requires!
identification!of!the!user’s!site!location!for!wind!speed!data!incorporation!into!the!analysis.!
The!SAT!provides!three!basic!choices!of!location!for!analysis.!These!three!locations!cover!the!
east!(East!Point),!central!(Charlottetown!Airport),!and!western!(North!Cape)!regions!of!the!
small! province.! The! selection! of! the! nearest! wind! data! location! by! the! user! provides! a!
general!estimate!of!a!wind!scenario!in!that!general!region.!The!user!must!note!that!it!is!
important!to!obtain!data!as!close!to!the!actual!site!as!possible!for!detailed!analysis.!!
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The!wind!turbine!analysis!details!the!estimated!costs,!energy!output,!and!simple!payback!
period!for!the!two!wind!turbines!analysed!in!the!dissertation!case!study!(10kW!and!25kW)!
and!two!additional!units!(5kW!and!15kW)!to!present!a!greater!range.!The!ouput!of!these!
turbines!has!been!calculated!through!the!RETScreen!program!for!each!of!the!three!wind!
speed!data!locations!and!summarized!herein!in!a!step!by!step!manner!for!ease!of!use!to!the!
user.!Within!the!RETScreen!analysis,!a!wind!shear!exponent!of!0.11!was!used,!assuming!a!
very!flat,!uninterupted!site,!therefore!the!user!must!be!aware!of!this!when!assessing!the!site!
of!interest.!Other!assumptions!during!the!wind!turbine!analysis!include!an!availability!of!
95%,!1%!airfoil!losses,!and!4%!miscellaneous!losses.!!
!
Sheet!five!details!the!anaerobic!digestor!generation!opportunity!investigated!in!Chapter!6!of!
this!dissertation.!This!section!estimates!the!cost,!output,!and!payback!of!a!manure!waste!
based!system!which!uses!methane!gas!to!drive!an!electricity!generator.!!This!analysis!is!
based!upon!the!number!of!cows!within!the!operation!and!relates!a!projection!of!the!amount!
of!manure!excretion!into!the!electricity!generation!potential!per!cow!for!the!operation.!This!
analysis!is!also!based!upon!the!assumption!of!approximately!thirty!days!of!down!time!for!
maintenance!for!the!system,!as!well!as!an!estimated!operating!cost!of!$0.02/kWh.!The!basis!
for!this!analysis!is!derived!from!a!study!by!the!Government!of!Alberta!(2008).!!
!
Sheet! six! presents! solar! hot! water! heating! opportunities! which! is! based! upon! the!
implementation! of! evacuated! tube! solar! thermal! collectors.! This! analysis! is! undertaken!
through!RETScreen!and!is!summarized!in!the!SAT!as!a!basis!for!simple!assessment!by!the!
user.!Collector!combinations!with!capacities!of!5kW,!7kW,!and!12kW!are!presented!for!the!
user’s!interest.!An!annual!maintenance!cost!of!$250!is!assumed!for!this!analysis!and!a!$1000!
per!kW!capacity!is!considered!for!the!system!cost,!and!$1000!per!half!the!kW!capacity!is!  78 
included!for!the!installation!and!commissioning!cost.!!This!analysis!was!undertaken!assuming!
storage!would!be!required!by!the!system,!therefore!50!litres!per!square!meter!of!collector!
area!for!each!analysis!undertaken!was!considered.!The!slope!for!this!analysis!was!set!to!
equal!the!latitude!of!the!region!selected!and!the!azimuth!was!set!to!zero.!Miscellaneous!
losses!were!considered!to!be!5%.!The!user!can!select!the!nearest!region,!and!the!system!
capacity!of!interest!and!the!resulting!cost!implication!estimation!and!simple!payback!period!
will!be!presented.!
!
The!final!sheet!is!the!PV!opportunity!analysis,!which!presents!electricity!output!potential!for!
a!monosilicon!photovoltaic!collector!with!an!efficiency!of!19.7%.!The!collector!used!for!the!
analysis! was! the! most! efficient! unit! in! the! RETScreen! product! database.! Considering!
miscellaneous!losses!of!5%,!inverter!efficiency!of!90%!and!a!collector!slope!equal!to!the!
selected! region’s! latitude,! estimated! energy! generated! to! the! load! is! presented.! This! is!
assuming!a!grid!connected!system!with!an!annual!maintenance!cost!of!$200.!The!user!can!
move!through!several!PV!system!sizes!to!become!familiar!with!potential!costs!and!payback!
rates!for!the!region!of!interest.!!
!
Appendix!A!contains!screen!shots!of!the!SAT!analysis!sheets.!
!
7.3(SUMMARY(AND(LIMITATIONS(
(
It!is!important!for!the!user!to!complete!all!inputs!within!the!package!to!obtain!results!for!
review.!If!inputs!are!unknown!to!the!user,!the!inputs!cell!may!display!associated!information!!
to!assist!in!the!estimation.!It!must!be!acknowledged!by!the!user!that!the!Self7Assessment!
Tool!is!for!basic!information!on!the!potential!opportunities!that!have!been!researched!to!  79 
provide!reduction!in!energy!costs.!It!is!intended!to!provide!the!operator!with!a!more!hands7
on!assessment!of!options!and!bridge!the!knowledge!gap!that!exists!within!the!industry!and!
potential!energy!reduction!strategies.!The!inclusion!of!the!incentive!grant!information!for!
the!local!region!may!also!provide!the!operator!with!motivation!to!pursue!an!energy!project.!
Ultimately,! the! goal! of! this! package! is! to! make! the! users! more! aware! of! their! energy!
consumption!and!empower!the!user!to!understand!the!opportunites!available.!!
!
!This!analysis!tool!provides!basic!estimates!only!and!further!analysis!is!required!for!proper!
design,!costing,!and!implementation!of!the!proposed!system!at!the!case!location.!!Some!
limitations!inherent!in!the!program!include!the!general!nature!of!the!three!climate!regions.!
These! locations! are! approximately! 100km! apart! and! therefore! users! with! operations! in!
between!these!locations!may!experience!less!accurate!results.!Also,!the!East!Point!and!North!
Cape!locations!are!at!the!extreme!east!and!west!coasts!of!the!province!and!therefore!have!
significant!wind!resources.!An!operation!located!inland!within!these!regions!may!experience!
much! different! wind! resources! and! may! therefore! be! better! suited! to! using! the!
Charlottetown!Airport!region!for!analysis.!!
!
Other!limitations!of!the!SAT!program!include!storage!allowance!built!in!to!the!solar!hot!
water!heating!sheet.!The!user!may!not!want!to!consider!a!solar!hot!water!heating!storage!
application,!however,!for!simplicity!and!research!period!constraints!of!this!dissertation,!the!
storage!application!was!included!to!provide!a!conservative!approach.!!
In!summary,!the!SAT!program!was!created!as!a!basis!upon!which!the!tool!may!be!expanded!
to! include! additional! region! within! the! province,! as! well! as,! other! Atlantic! Canadian!
provinces!and!possibly!the!whole!country!of!Canada.!!Additional!rate!structures,!efficiency!  80 
measures,!renewable!systems,!and!updated!costs!would!be!key!aspects!for!the!program!to!
build!upon!going!forward.!!
!
The!SAT!program!was!intended!to!bring!together!the!renewable!energy!analysis!power!of!
RETScreen!with!basic!load!profile!analysis!and!efficiency!measures!typical!to!the!small!dairy!
farm!operation.!This!builds!upon!the!analysis!program!capabilities!of!RETScreen!to!include!a!
big!picture!overview!of!the!user’s!operation!including!local!incentives!considerations.!!
!
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CHAPTER(8:(CONCLUSION(
8.1(INTRODUCTION(
(
This!review!of!the!energy!framework!as!it!relates!to!small!dairy!farms!in!the!province!of!
Prince!Edward!Island!has!produced!a!multitude!of!evidence!supporting!energy!efficiency!and!
renewable!energy!generation!opportunities!for!the!industry.!!
!
8.2(CASE(STUDY(FINDINGS(AND(RECOMMENDATIONS((
(
The!case!study!of!Extondale!Farm!Ltd!in!Oyster!Bed!Bridge,!Prince!Edward!Island!resulted!in!
an! indication! of! opportunities! currently! present! to! farm! operators! in! the! region.! Milk!
cooling,!lighting,!and!ventilation!were!the!predominant!electricity!consumers,!which!was!in!
line!with!the!case!studies!reviewed!in!Chapter!2!from!two!other!provinces!in!Canada,!Nova!
Scotia!and!British!Columbia.!!
!
Energy! efficiency! recommendations! for! the! case! study! farm! resulting! from! this! analysis!
include!the!following:!
1.!Replace!all!incandescent!lighting!with!T8!fixtures!and!lamps.!Compact!fluorescent!are!
recommended!to!by!upgraded!to!T8!as!well.!
2.!Implement!a!regular!maintenance!program!for!cleaning!of!condenser!fans!to!optimize!
refrigeration!energy!performance.!
3.!Implementation!of!a!direct!energy!monitoring!system!with!real!time!energy!consumption!
display.!
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Renewable!energy!generation!findings!for!the!case!study!include!the!potential!use!of!an!
anaerobic!digester!to!produce!all!of!the!farm’s!required!electricity!while!providing!an!on7site!
disposal!solution!for!the!ever7growing!quantity!of!cow!excrement.!Wind!energy!generation!
and!solar!hot!water!heating!applications!were!also!found!to!be!productive!for!the!case!study!
site.!!
!
Recommendations!for!renewable!energy!generation!projects!to!implement!include:!
1.!Evacuated!tube!solar!hot!water!installation!for!preheating!sanitation!wash!water.!!
2.!The!installation!of!an!anaerobic!digester!(upon!confirmation!of!cost!through!a!formal!
quote)!to!provide!all!of!the!electrical!load!to!the!site.!!
3.!The!implementation!of!these!two!systems!could!theoretically!provide!all!of!the!site’s!
energy!requirements.!The!digester!could!be!sized!to!provide!the!energy!required!to!heat!the!
preheated!sanitation!water.!These!project!would!also!maximize!the!use!of!the!farms!one7
time!$50,000!REI!grant!given!that!50%!of!the!capital!cost!of!the!two!systems!together!as!
sized!herein!would!be!slightly!!over!the!available!allowance!at!approximately!!$60,000.!!
!
It!is!also!noted!that!the!payback!periods!in!all!renewable!energy!generation!opportunities!
analysed!would!be!double!in!most!cases!without!the!REI!grant!incentive.!!
!
8.3(INDUSTRY(CORRELATIONS(AND(OPPORTUNITIES(
(
The!results!of!this!research!indicate!that!there!is!interest!and!motivation!with!the!small!
farming!industry!to!take!control!and!improve!energy!efficiency!of!the!operations.!It!has!been!
found!herein!that!the!programs,!incentives,!and!technologies!exist!in!the!region!to!achieve!a!
major!reduction!in!energy!related!operating!costs.!The!availability!and!accessibility!of!these!  83 
findings! to! farm! operators! would! provide! insight! to! allow! for! greater! control! and!
understanding!of!the!energy!systems!within!their!operation.!!
A! pilot! project! site! in! the! region! with! the! efficiency! applications! and! renewable! energy!
technologies!assessed!herein!implemented!would!provide!the!ultimate!means!of!conveying!
the!information!to!operators.!In!the!absence!(or!potentially!impractical!nature)!of!such!a!
pilot!site,!the!concept!of!a!self7assessment!tool!may!provide!a!version!of!conveying!the!
available!information!and!opportunities!that!would!be!useful!in!the!cost7reduction!decision!
making!process!for!farmers.!
(
8.4(SELF5ASSESSMENT(TOOL(VALUE(
(
A!small!dairy!farm!Self7Assessment!Tool!(SAT)!has!been!developed!based!on!the!findings!of!
this!dissertation!research.!It!has!been!concluded!that!energy!efficiency!measures,!incentives,!
and!technologies!exist!within!the!Prince!Edward!Island!region!to!reduce!energy!consumption!
costs!for!small!farm!operations.!The!SAT’s!goal!is!to!close!the!gap!within!the!industry!with!
respect! to! the! opportunities! that! exist! for! energy! cost! reduction! strategies.! Due! to! the!
nature!of!operating!a!farm,!an!understanding!of!all!of!its!processes!is!inherent!in!the!work.!
The! SAT! aims! to! provide! that! same! familiarity! and! understanding! to! the! energy! being!
consumed!by!the!operation!and!the!systems!and!strategies!that!can!be!applied!to!reduce!or!
replace!consumption.!
!
The!SAT!is!a!user7friendly!spreadsheet!within!which!farm!operators!can!do!a!brief!self7audit!
and! get! a! general! idea! of! the! results! of! potential! energy! projects.! The! SAT! program! is!
enclosed!on!CD!associated!with!this!dissertation!as!an!excel!file!labelled!“PEC6247SAT7houc7
31390367.xlsm”.!  84 
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APPENDIX(C(–(WIND(TURBINE(FINANCIAL(ANALYSIS(
25kW disc)rate)=)10%
Year Capital)w)grant O&M Savings Total PWF PV)Total
0 C$100,000 $0 $0 C$100,000 1.00 C$100,000.00
1 C$1,150 $10,019 C$91,131 0.91 C$82,846.36
2 C$1,150 $10,019 C$82,262 0.83 C$67,985.12
3 C$1,150 $10,019 C$73,393 0.75 C$55,141.25
4 C$1,150 $10,019 C$64,524 0.68 C$44,070.76
5 C$1,150 $10,019 C$55,655 0.62 C$34,557.38
6 C$1,150 $10,019 C$46,786 0.56 C$26,409.48
7 C$1,150 $10,019 C$37,917 0.51 C$19,457.42
8 C$1,150 $10,019 C$29,048 0.47 C$13,551.11
9 C$1,150 $10,019 C$20,179 0.42 C$8,557.87
10 C$1,150 $10,019 C$11,310 0.39 C$4,360.49
11 C$1,150 $10,019 C$2,441 0.35 C$855.56
12 C$1,150 $10,019 $6,428 0.32 $2,048.16
13 C$1,150 $10,019 $15,297 0.29 $4,431.00
14 C$1,150 $10,019 $24,166 0.26 $6,363.66
15 C$1,150 $10,019 $33,035 0.24 $7,908.32
16 C$1,150 $10,019 $41,904 0.22 $9,119.53
17 C$1,150 $10,019 $50,773 0.20 $10,045.17
18 C$1,150 $10,019 $59,642 0.18 $10,727.14
19 C$1,150 $10,019 $68,511 0.16 $11,202.10
20 C$1,150 $10,019 $77,380 0.15 $11,502.04
10kW
Year Capital)w)grant O&M Savings Total PWF PV)Total
0 C$30,000 $0 $0 C$30,000 $1 C$30,000
1 C$1,150 $2,438 C$28,712 0.909090909 C$26,102
2 C$1,150 $2,438 C$27,424 0.826446281 C$22,664
3 C$1,150 $2,438 C$26,136 0.751314801 C$19,636
4 C$1,150 $2,438 C$24,848 0.683013455 C$16,972
5 C$1,150 $2,438 C$23,560 0.620921323 C$14,629
6 C$1,150 $2,438 C$22,272 0.56447393 C$12,572
7 C$1,150 $2,438 C$20,984 0.513158118 C$10,768
8 C$1,150 $2,438 C$19,696 0.46650738 C$9,188
9 C$1,150 $2,438 C$18,408 0.424097618 C$7,807
10 C$1,150 $2,438 C$17,120 0.385543289 C$6,601
11 C$1,150 $2,438 C$15,832 0.350493899 C$5,549
12 C$1,150 $2,438 C$14,544 0.318630818 C$4,634
13 C$1,150 $2,438 C$13,256 0.28966438 C$3,840
14 C$1,150 $2,438 C$11,968 0.263331254 C$3,152
15 C$1,150 $2,438 C$10,680 0.239392049 C$2,557
16 C$1,150 $2,438 C$9,392 0.217629136 C$2,044
17 C$1,150 $2,438 C$8,104 0.197844669 C$1,603
18 C$1,150 $2,438 C$6,816 0.17985879 C$1,226
19 C$1,150 $2,438 C$5,528 0.163507991 C$904
20 C$1,150 $2,438 C$4,240 0.148643628 C$630
21 C$1,150 $2,438 C$2,952 0.135130571 C$399
22 C$1,150 $2,438 C$1,664 0.122845974 C$204
23 C$1,150 $2,438 C$376 0.111678158 C$42
24 C$1,150 $2,438 $912 0.101525598 $93
25 C$1,150 $2,438 $2,200 0.092295998 $203  94 
APPENDIX(D(–(SOLAR(THERMAL(FINANCIAL(ANALYSIS(
21m^2%area
12kW
Year Capital%Cost%w%Grant O&M% Savings Total PWF PV%Total
0 A$9,550 $0 $0 A$9,550 1 A$9,550
1 A$250 $1,250 A$8,550 0.90909091 A$7,773
2 A$250 $1,250 A$7,550 0.82644628 A$6,240
3 A$250 $1,250 A$6,550 0.7513148 A$4,921
4 A$250 $1,250 A$5,550 0.68301346 A$3,791
5 A$250 $1,250 A$4,550 0.62092132 A$2,825
6 A$250 $1,250 A$3,550 0.56447393 A$2,004
7 A$250 $1,250 A$2,550 0.51315812 A$1,309
8 A$250 $1,250 A$1,550 0.46650738 A$723
9 A$250 $1,250 A$550 0.42409762 A$233
10 A$250 $1,250 $450 0.38554329 $173
11 A$250 $1,250 $1,450 0.3504939 $508
12 A$250 $1,250 $2,450 0.31863082 $781
13 A$250 $1,250 $3,450 0.28966438 $999
14 A$250 $1,250 $4,450 0.26333125 $1,172
15 A$250 $1,250 $5,450 0.23939205 $1,305
16 A$250 $1,250 $6,450 0.21762914 $1,404
17 A$250 $1,250 $7,450 0.19784467 $1,474
18 A$250 $1,250 $8,450 0.17985879 $1,520
19 A$250 $1,250 $9,450 0.16350799 $1,545
20 A$250 $1,250 $10,450 0.14864363 $1,553
Preheat%to%60C
11.5m^2
7kW
Year Capital%Cost%w%Grant O&M% Savings Total PWF PV%Total
0 A5250 0 0 A5250 1 A$5,250
1 A250 746 A4754 0.90909091 A$4,322
2 A250 746 A4258 0.82644628 A$3,519
3 A250 746 A3762 0.7513148 A$2,826
4 A250 746 A3266 0.68301346 A$2,231
5 A250 746 A2770 0.62092132 A$1,720
6 A250 746 A2274 0.56447393 A$1,284
7 A250 746 A1778 0.51315812 A$912
8 A250 746 A1282 0.46650738 A$598
9 A250 746 A786 0.42409762 A$333
10 A250 746 A290 0.38554329 A$112
11 A250 746 206 0.3504939 $72
12 A250 746 702 0.31863082 $224
13 A250 746 1198 0.28966438 $347
14 A250 746 1694 0.26333125 $446
15 A250 746 2190 0.23939205 $524
16 A250 746 2686 0.21762914 $585
17 A250 746 3182 0.19784467 $630
18 A250 746 3678 0.17985879 $662
19 A250 746 4174 0.16350799 $682
20 A250 746 4670 0.14864363 $694  95 
APPENDIX(E(–(ANAEROBIC(DIGESTER(FINANCIAL(ANALYSIS(
!
!
Year Capital*Cost REI*Grant O&M Savings Total
0 :$101,487 $50,000 $0 $0 :$51,487
1 :$2,300 $12,355 :$41,432
2 :$2,300 $12,355 :$31,377
3 :$2,300 $12,355 :$21,322
4 :$2,300 $12,355 :$11,267
5 :$2,300 $12,355 :$1,212
6 :$2,300 $12,355 $8,843
7 :$2,300 $12,355 $18,898
8 :$2,300 $12,355 $28,953
9 :$2,300 $12,355 $39,008
10 :$2,300 $12,355 $49,063
11 :$2,300 $12,355 $59,118
12 :$2,300 $12,355 $69,173
13 :$2,300 $12,355 $79,228
14 :$2,300 $12,355 $89,283
15 :$2,300 $12,355 $99,338
16 :$2,300 $12,355 $109,393
17 :$2,300 $12,355 $119,448
18 :$2,300 $12,355 $129,503
19 :$2,300 $12,355 $139,558
20 :$2,300 $12,355 $149,613 !